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Description 

CRYSTALLIZATION OF M-CSF 

[0001 ] Work described herein was funded with the United States Government support. The United States Govern- 
ment has certain rights in inventions arising as part of that work. This application is a continuation-in-part of U S Serial 
No. 07/896,512 filed June 9, 1992. 

FIELD OF THE INVENTION 

[0002] The present invention relates in general to crystalline compositions of macrophage colony stimulating factor 
"M-CSF" and in particular to methods for the use of structural information (including X-ray diffraction patterns) of crys- 
talline M-CSF for agonist and antagonist production, as well as assays for detection of same. 

BACKGROUND OF THE INVENTION 

[0003] Monocyte-macrophage colony-stimulating factor is produced by a variety of cells, including macrophages, 
endothelial cells and fibroblasts (see, Ralph et al., "The Molecular and Biological Properties of the Human and Murine 
Members of the CSF-1 Family" in Molecular Basis of Lymphokine Action, HumanaPress, Inc., (1987),). M-CSF is com- 
posed of two "monomer" polypeptides, which form a biologically active dimeric M-CSF protein (hereinafter referred to 
as "M-CSF dimer"). M-CSF belongs to a group of biological agonists that promote the production of blood cells. Specif- 
ically, it acts as a growth and differentiation factor for bone marrow progenitor cells of the mononuclear phagocyte line- 
age. Further, M-CSF stimulates the proliferation and function of mature macrophages via specific receptors on 
responding cells. In clinical trials M-CSF has shown promise as a pharmaceutical agent in the correction of blood cell 
deficiencies arising as a side-effect of chemotherapy or radiation therapy for cancer and may be beneficial in treating 
fungal infections associated with bone marrow transplants. M-CSF may also play significant biological roles in preg- 
nancy, uveitis, and atherosclerosis. Development of M-CSF agonists or antagonists may prove to be of value in modi- 
fying the biological events involved in these conditions. 

[0004] M-CSF exists in at least three mature forms: short (M-CSFa), intermediate (M-CSFy), and long (M-CSFp). 
Mature M-CSF is defined as including polypeptide sequences contained within secreted M-CSF following amino termi- 
nus processing to remove leader sequences and caiboxyl terminus processing to remove domains including a putative 
transmembrane region. The variations in the three mature forms are due to alternative mRNA splicing {see, Cerretti et 
al Molecular Immunology, 25:761 (1988)). The three forms of M-CSF are translated from different mRNA precursors, 
which encode polypeptide monomers of 256 to 554 amino acids, having a 32 amino acid signal sequence at the amino 
terminal and a putative transmembrane region of approximately 23 amino acids near the caiboxyl terminal. The precur- 
sor peptides are subsequently processed by amino terminal and carboxyl terminal proteolytic cleavages to release 
mature M-CSF. Residues 1 -149 of all three mature forms of M-CSF are identical and are believed to contain sequences 
essential for biological activity of M-CSF. In vivo M-CSF monomers are dimerized via disulfide-linkage and are glyco- 
sylated. Some, if not all, forms of M-CSF can be recovered in membrane-associated form. Such membrane-bound M- 
CSF may be cleaved to release secreted M-CSF. Membrane associated M-CSF is believed to have biological activity 
similar to M-CSF, but may have other activities including cell-cell association or activation. 

[0005] Polypeptides, including the M-CSFs, have a three-dimensional structure determined by the primary amino 
acid sequence and the environment surrounding the polypeptide. This three-dimensional structure establishes the 
polypeptide's activity, stability, binding affinity, binding specificity, and other biochemical attributes. Thus, a knowledge 
of a protein's three-dimensional structure can provide much guidance in designing agents that mimic, inhibit, or improve 
its biological activity in soluble or membrane bound forms. 

[0006] The three-dimensional structure of a polypeptide may be determined in a number of ways. Many of the most 
precise methods employ X-ray crystallography (for a general review, see, Van HokJe, Physical Biochemistry, Prentice- 
Hall, N.J. pp. 221-239, (1971), which is incorporated herein by reference). This technique relies on the ability of crys- 
talline lattices to diffract X-rays or other forms of radiation. Diffraction experiments suitable for determining the three- 
dimensional structure of macromolecules typically require high-quality crystals. Unfortunately, such crystals have been 
unavailable for M-CSF as well as many other proteins of interest. Thus, high-quality, diffracting crystals of M-CSF would 
assist the determination of its three-dimensional structure. 

[0007] Various methods for preparing crystalline proteins and polypeptides are known in the art (see, for example, 
McPherson, et al. "Preparation and Analysis of Protein Crystals". A McPherson, Robert E. Krieger Publishing 
Company Malabar, Florida (1989); Weber, Advances in Protein Chemistry 41 :1-36 (1991); U.S. Patent No. 4,672,108; 
and U.S. Patent No. 4,833,233;). Although there are multiple approaches to crystallizing polypeptides, no single set of 
conditions provides a reasonable expectation of success, especially when the crystals must be suitable for X-ray dif- 
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fraction studies. Thus, in spite of significant research, many proteins remain uncrystallized. 

[0008] In addition to providing structural information, crystalline polypeptides provide other advantages. For exam- 
ple, the crystallization process itself further purifies the polypeptide, and satisfies one of the classical criteria for homo- 
geneity^ fact crystallization frequently provides unparalleled purification quality, removing impurities that ar not 
removed by other purrfication methods such as HPLC. dialysis, conventional column chromatography, etc. Moreover 
crystalline polypeptides are often stable at ambient temperatures and free of protease contamination and other degra- 
dation associated with solution storage. Crystalline polypeptides may also be useful as pharmaceutical preparations 
Finally, crystedhzation techniques in general are largely free of problems such as denaturation associated with other sta- 
b, ization methods (e.g. lyophilization). Thus, there exists a significant need for preparing M-CSF compositions in crys- 
talline form and determining their three^limensional structure. The present invention fulfills this and other needs Once 
crystallization has been accomplished, crystallographic data provides useful structural information which may assist the 
design of peptides that may seive as agonists or antagonists. In addition, the crystal structure provides information use- 
ful to map, the receptor binding domain which could then be mimicked by a small non-peptide molecule which may 
serve as an antagonist or agonist. 

SUMMARY OF THF IMVFtfTiriy 

[0009] The present invention provides crystalline forms of M-CSF dimers. Preferably, the dimers are formed from 
polypeptides containing between 1 46 to 1 62 amino acids residues at or near the N-terminus of mature M-CSF (e g glu, 

"L • lu 3 SpeCifiC embodiment - tne Polypeptide includes residues 4 to 158 of mature M-CSFa polypeptide pref- 
erably in the non-glycosylated form. ^ JM ^ ' H 

m JL An ? her aSpeGt 01 invention provk,es a method 01 crystallizing an M-CSF. A preferred crystallization 
method according to the present invention includes the following steps: mixing a preselected, substantially pure M-CSF 
dimer and a precipitant to form an M-CSF mixture; precipitating crystalline M-CSF from the mixture; and isolating the 
M-CSF in crystalline form. In some specific embodiments, the precipitant contains polyethylene glycol. Other compo- 
nents such as ammonium sulfate and/or other ionic compounds may be added to the solution. It has been found byx- 
ray crystallography that M-CSF produced by the method of the present invention can crystallize into the P2 1 2 1 2 1 space 
groups for example. 111 ^ 

1™!L m rc!f 0 T ° f the crystallization method are also P^ed. For example, the step of precipitating crystals 
from the M-CSF mixture may involve equilibrating the M-CSF mixture with a second mixture. The second mixture is typ- 
ically a solution that consists of a higher concentration of precipitant than the first M-CSF mixture. The step of equili- 
brating preferably consists of applying the M-CSF mixture to a surface and allowing the applied M-CSF mixture to come 
into equibbnum with a reservoir of the second mixture. In other embodiments, the step of precipitating M-CSF crystals 

' S ' n !l! 2!? 9 the M " CSF mixtUre seed or attetin S the temperature of the M-CSF mixture. Another 

aspect of the invention involves identifying compounds that have structures that mimic a receptor binding region of the 
three-dimensional structure of M-CSF to varying degrees and can in many instances function as M-CSF agonists or 
antagonists. Compounds that interact with the receptor-binding region of M-CSF may be antagonists. The three^imen- 
sional ^alpha-carbon coordinates of a truncated M-CSF dimer is presented in Appendix 1. In one embodiment of the 
<n KS? *f ttiree<,,mensional structure of M-CSF is obtained by first crystallizing an M-CSF dimer (having 

!u reSidUeS) t0 fofm at leaSt me M " CSF cr > rstaL Next - a source of radiation is used for irradiating 

k. 1°!^ J° am 3 diffraction Pattern of the M-CSF crystal. Finally, a three-dimensional structure of M-CSF 
is obtained from the diffraction pattern. In most embodiments, the three^Jimensional structure includes an M-CSF 
receptor-binding region. 

« I0 ? 2] ^^ UCtUral ,eatUres identified in accordance with the invention may be used for selecting candidate amino 
acid substitutions in a protein, based on structural information, and more particularly M-CSF. comprising determining 

!^ re ^ ° na l StrUCtUre * M " CSF by ,he methods 01 the Dresent invention : flowed by determining the solvem 
accessible amino acid residues of the protein, determining which residues are not involved in dimer formation. Applying 

^ZT B ' TJH 0 ^ in M " CSF "*** are SO,vent accessible and which are not involved in dimer formation are 
so ISSS? ^ substrtution with non^nservative amino acids. Since M-CSFp has intrachain disulfide bonds involving 
so cysteines 157 and/or 159. we believe the C-terminal region of M-CSF extends from the "rear of the structure we have 
^?n'^ a variaDle - |en 9 th "to*"" for membrane-bound forms of M-CSF. Thus, the "front- or receptor-binding 
region of M-CSF is on the opposite side of the molecules, consisting of solvent-accessible residues in or near helices 
A C. and D. including residues from about 6 to 26. 71 to 90. and 1 10 to 130. respectively, of native M-CSF. Preferred 
« T"^ *Z substitution and preferred substituting amino acids include but are not limited to: H15 -» A or L Q79 

j° r n : r^5 or *! ii5 ^ A:E41 ^ 

:° r D '^ 75 ~* * or E; V78 ^ K or R; L85 ^ E or N; D69 -* K or R; N70 -» A or E; H9 -» A or D; N63 -» K or R; and 
i m -» u or K. Most preferred are those substitutions give rise to novel M-CSF agonists and M-CSF antagonists Addi- 
tionally, the present invention is also directed to a method for producing antagonists and agonists by substituting at least 
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one and preferably fewer than 5 solvent accessible residues per M-CSF monomer. 

£S ^ inVenti ™ 3,80 enablftS *» P^uction of heterodimeric M-CSF in which only one subunit contains sub- 
st. hrteti ^vent accessible amino acids involved in signal transduction and to heterodimeric : M-CSF i whfchTa* sut 

£^ CtS 1 ^ !^ aV,n9 amin ° aQd Substitutions which d ° no* '"Pair binding to the M-CSF 

receptor Screening for agonists and antagonists is then accomplished using bioassays and receotor bindino a ™ 
using methods well known in the art, including those described^ ExampL bS 9 ^ 

[0014] In addition the invention is directed to an isolated, purified, soluble and functional M-CSF receotor The 
ro ESS"""*" ' S *° dr6Cted t0 3 meth0d ^ M " CSF agists and J^ul^SSSS 

S of J^ZSS^ * ^ ^ " * * refe — <° •» drawings and discus- 

BRIEF DESHRipTpfJ r> CTHE FIQIIRFfi 
[0016] 

Sure I i 1 °L a diffraC, L 0n ,,attem ° f 3,1 M - CSFa Crystal P re » jared accordi "9 to the present invention- 
Figure 2 is a topology diagram showing the disulfide bonds in truncated cfimeric M-CSF- 

Xc 3 s^ 

2 JSSSKiEir rePreSenl6d ^ 3 **** ** ** *• —^graphic symmetry 

uTsS ?ssrsss^2ffr HPL f ar ?^? *• na3ca158 ^ short d ° ne < 1 *» 

e ^^SSSSSiS; ?J°" 9 C ' 0ne h0m ° d j mer (221 ^ < R ° ure 5B >- and the short clone/long clone het- 
eroaimer (158/221F) (Figure 5C) and their corresponding biological activities- 
fin" ^n<ft?L l " USt [ ateS S JL e eXC ' USi0n HPLC (Fi9ure 6A > and ^ non-reduced (Figure 6B) and reduced (Figure 

the s^aration on Phenyl-HPLC size exclusion chromatography of the three species of M-CSF dimers of Figures 
£' 1? homodimer. the 221F homodimer and the 158/221 heterodimer. and indicates tta fte ftSe 

SL!?r ? ^ ! ^ S ' S Und6r non - reduci "9 ^rtions of preparative purification of the 158/221 F het- 
HSmSSi W6i9ht t0 158 h™odimer (lower molecular JZZ 

2^^^??? ( 9 m0,eCU,ar Wei9W Species > ; F, '9 ure 6C '"^trates an SDS-PAGE i£SSS 

H15Z5sFoS^7l S ,7?r^K for NA3CA158 (C,OS6d M " CSF « ^CA158 H9A, 

DESCRIPTION OF THF PRFFFRRED EMRODIMFMTfi BE£MDQNS 

[0017] As used herein "M-CSF polypeptide" refers to a human polypeptide having substantially the same amino 
Z30591 (1985), Cerretti ef al, Molecular Immunology, 25:761 (1988), or Ladner et al EMBO Journal 6-26<» m-mtV 
^ *° UnderStanding *- ^ hJStSS^ s^nL"! 

50 C !T ain modi,ications to the primary sequence of M-CSF can be made by deletion addition or alteration of 

ty of M-CSF) ,n accordance with well-known recombinant DNA techniques. Further, a ski lea arthJ . vtoSha! 

« aKfo^t^^S^ feta,n 3C ? e bindin9 ^ and StrUClural information - 8«h substSns and 
suSmSl? ^SJE?" i^" 19 a " am,n ° acW Sequence *»** ,al,s ^hi" the definition of polypeptide "having 
substantially the same amino acid sequence as the mature M-CSFa, M-CSFp. and M-CSFy polypeptides " 

and 180 J? 8 ?*"** pre,erred len 9ths of the M-CSFa, p or y monomer aVe between about 145 

and 180 ammo acids (counting from the mature amino terminus), and more preferably between about 145 and 162 
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amino acids long. A specific monomer that may be present in a crystallizable dimer is M-CSFa and is NA3M- 
CSFaCA158 (3 amino acids are deleted from the amino terminus and the total length is 155 amino adds). All lengths 
are inclusive. As used herein the term "M-CSFa (4-158)" denotes an M-CSF having amino acid residues 4 to 158 of the 
mature, processed M-CSFa polypeptide. Other nomenclature designations for C-terminal and N-terminal truncations of 
native M-CSF are set forth in U.S. Patent No. 4,929,700. 

[0020] Crystallizable glycosylation variants of the M-CSF polypeptides are included within the scope of this inven- 
tion. These variants include polypeptides completely lacking in glycosylation and variants having at least one fewer gly- 
cosylated site than the mature forms, as well as variants in which the glycosylation pattern has been changed from the 
native forms. Also included are deglycosylated and unglycosylated amino acid sequence variants, as well as deglyco- 
sylated and unglycosylated M-CSF subunit having the mature amino acid sequence (see, U.S. Patent No. 5.032,626). 
[0021 ] "M-CSF" dimer refers to two M-CSF polypeptide monomers that have dimerized M-CSF dimers may include 
two identical polypeptide monomers (homodimers) or two different polypeptide monomers (heterodimers such as an M- 
CSFa-M-CSFp dimer, an M-CSF long clone and short clone dimer). M-CSF monomers may be convened to M-CSF 
dimers in vitro as described in U.S. Patent No. 4,929.700. Recombinants expressed M-CSFs may also be variably gly- 
cosylated as they exist in vivo, partially glycosylated, or completely lacking in glycosylation (unglycosylated). Glyco- 
sylated M-CSFs may be produced in vivo with carbohydrate chains which may later be enzymatically deglycosylated in 
vitro. 

[0022] Biologically active M-CSF exhibits a spectrum of activity understood in the art. For instance. M-CSF stimu- 
lates the proliferation and function of mature macrophages via specific receptors on responding cells. Further, M-CSF 
acts as a mononuclear phagocyte progenitor growth factor. The standard in vitro colony stimulating assay of Metcalf, J. 
Cell Physiol. 76:89 (1970) results primarily in the formation of macrophage colonies when M-CSF is applied to stem 
cells. Other biological assays are based on M-CSF induced proliferation of M-CSF dependent cells such as the NFS- 
60 cell line. As used herein "M-CSF having biological activity" refers to M-CSF, including fragments and sequence var- 
iants thereof as described herein; that exhibit an an-recognized spectrum of activity with respect to biological systems. 
Such M-CSF having biological activity will typically have certain structural attributes in common with those of the mature 
M-CSF forms such as receptor binding site tertiary structure. 

[0023] Agonists are substances that exhibit greater activity perse than the native ligand while antagonists are sub- 
stances that suppress, inhibit, or interfere with the biological activity of a native ligand. Agonists and antagonists may 
be produced by the methods of the present invention for use in the treatment of diseases in which M-CSF has been 
implicated either as a potential treatment (e.g. , for treating blood cell deficiencies arising as a side effect of chemother- 
apy treating fungal infection associated with bone marrow transplants and others) or as having a role in the pathogen- 
esis of the disease (e.g. , ovarian cancer, uveitis, atherosclerosis). 

[0024] Crystallization of M-CSF species in accordance with the present invention includes four general steps: 
expression, purification, crystallization and isolation. 

Expression of Recombinant M-CSF 

[0025] M-CSF crystallization requires an abundant source of M-CSF that may be isolated in a relatively homoge- 
neous form. A variety of expression systems and hosts are suitable for the expression of M-CSF and will be readily 
apparent to one of skill in the art. Because of the variability of glycosylation and other post-transnational modifications 
present in M-CSF produced in certain eukaryotic hosts, expression in E. coli may provide M-CSF with advantageous 
properties with regard to crystallization. Typical in vitro M-CSF expression systems are described in U.S. Patent No. 
4,929,700, for example. 

[0026] For use in the present invention, a variety of M-CSF polypeptides can also be readily designed and manu- 
factured utilizing recombinant DNA techniques well known to those skilled in the art. For example, the M-CSF amino 
acid sequence can vary from the naturally occurring sequence at the primary structure level by amino acid substitu- 
tions, insertions, deletions, and the like. These modifications can be used in a number of combinations to produce the 
final modified polypeptide chain. The present invention is useful for crystallizing such polypeptides and dimers thereof. 
[0027] In general, modifications of the genes encoding the M-CSF polypeptide are readily accomplished by a vari- 
ety of well-known techniques, such as site-directed mutagenesis (see, Gillman and Smith, Gene 8:81-97 (1979) and 
Roberts, S. et at., Nature 328:731-734 (1987) and U.S. Patent No. 5,032,676,). Most modifications are evaluated by 
screening in a suitable assay for the desired characteristic. For instance, a change in the M-CSF receptor-binding char- 
acter of the polypeptide can be detected by competitive assays with an appropriate reference polypeptides or by the 
bioassays described in U.S. Patent No. 4,847,201 , which is incorporated herein by reference. 
[0028] Insertional variants of the present invention are those in which one or more amino acid residues are intro- 
duced into a predetermined site in the M-CSF. For instance, insertional variants can be fusions of heterologous proteins 
or polypeptides to the amino or carboxyl terminus of the subunits. Substitutional variants are those in which at least one 
residue has been removed and a different residue inserted in its place. Nonnatural amino adds (i.e., amino acids not 
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normally found in native proteins), as well as isosteric analogs (amino acid or otherwise) are ateo suitable for use in this 
mvent-on. Examples of suitable substitutions are well known in the art. such as the^S Ser ^ Z S >Ser 

n?" f ° r 6Xan ? e - An0,her dass of are "elefona. variants, which are aSSiSt the remoS oi 

one or more amino acid residues from the M-CSF. «u«wenzea oy ine removal or 

5 S rp ^"LT 3 " 13 Pr6Sent inVenti0n be produced b * chemical| y modifying amino acids of the native 
protein (e.g., d.ethyfoyrocarbonate treatment which modifies histidine residues). Preferred or chenS modS^! 

1TJ£T*?, fof ^ amin ° aM Sk,e chains - ™* ^so be aLe^XS X sWe^Snt 

^^■^.rectedtothe side chains to be protected. Chemical morfrficatonincfud^s^^ JtiS 

» et^e?^ 

SSrnSf f ? ble : eagente for modi ^9 amino-containing residues include inSoS Tich Tmel 
,s * Ph0SPhat6: Pyrid ° Xal chlor< *° r °nydride; trinftrobenzenesuHbnic acid; O-methylisoura IT 

Jf^L Ar * lyl reSk,UeS 156 modified ^ reaction with a "umber of reagents includino Dhenvtalvoxai 2 s 
butaned.one 2-cydohexanedione. and ninhydrin. Modification of arginine residuL^uSStEe reaSe 2" 
m^ condifo " s 1 because <* the high P K a of the guanidine functional grou^eZe Thel reagent 

may react wrth the groups of lysine as well as the arginine epsilon-amino group e more, tnese reagents 

Sv r JSw^ SidUeS 7 y „ a,S ° 66 Prta * r interest in infroducin 9 ^ectral labels into tyrosyl resi- 

1 nd T ammatic diazonium compounds or tetranitromethane are used to form O-acetyl tyrosyl speaes 

SetSC' resk,ues may ate0 be ^ usin9 1251 w 1311 to iSSSK 

nSU)^ "Jt*"** by reaction "» <=a*odiimides (R- 

i JmVm 3 ky ' 9r0UpS ' Such as 1 -cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or 

l-ethyt-S-f^nia^methytpentyl) carbodiimide. Furthermore, aspartyl and glutamyl rLduT^SZSto 
asparaginyl and glutaminyl residues by reaction with ammonium ions convened to 

, 9 0nverse,y ' and asparaginyl residues may be deamidated to the corresponding glutamyl and 

Son ' r6SPeCt,Vely ' ^ MOnS - ^ of **» the™, Z 

STi, l ,° th ![ modi,ications include hydroxylation of proline and lysine, phosphorylation of hydroxyl groups of servl 

ZZSFiT?* w!l hyla,i0n ° f *• a - 3min0 9r0Ups of ,ysine " arginine anThisSdine side chaK^SeTghton 
Poteins: Structure and Molecular Properties, W.H. Freeman & Co.. San Francisco pp 79-86 ri98OT ac^iati™ of S 
N-terminal amine, and amidaton of any C-terminal carboxyl group [ D " acetyla,lon of *» 

2SL hZ^JTY^ a ° NA ^"ence encoding M-CSF permits the use of various expression systems to pro- 
dma PolyP^tdes. Construction of expression vectors and recombinant producTon from iK££tate 

generally performed according to Sambrook etal., Molecular Cloning - 4 Laboratory Manual Cold Sorino HaAe/li, 



Purification of M-nfir 



« J0037] Purification steps are employed to ensure that the M-CSF is isolated, prior to crystallization in a relatively 
^eneous state. In general, a higher purity solution increases the likelihood i 7mkcJ£J£S£ j££Z 
Z^ZT^TrT^ *• ^ ° f ^^ion. partial fractionation using J2Z ZSSSS, 
KI^ conventional column chromatography (such as ion-exchange, molecular sizing cbromatograDhy etc ) 
high performance liquid chromatography (HPLC), and gel electrophoresis methods (see eg DwSTSEiX' 

weT2 ZSSSStl PUri, ^° n °° ndrti0nS 96nera,in9 UnUSUa " y hon»geneou?M-CSF ^ as 

ssKSSSTis r 0 n d e^n fo ;:r ple - in us - Patert No - ^ ™ ^ — -■ 

55 Crystallization nfM^fig 

ers) and small molecules, the actual crystall.zat.on mechanisms differ significantly. For example, the lattice of small- 
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molecule crystals effectively excludes solvent while that of polypeptide crystals includes substantial numbers of solvent 
molecules. Thus, special techniques must typically be applied to crystallize polypeptides. 

[0039] Polypeptide crystallization occurs in solutions where the polypeptide concentration exceeds its solubility 
maximum (i.e., the polypeptide solution is supersaturated). Such "thermodynamically metastable" solutions may be 
restored to equilibrium by reducing the polypeptide concentration, preferably through precipitation of the polypeptide 
crystals. Often polypeptides may be induced to crystallize from supersaturated solutions by adding agents that alter the 
polypeptide surface charges or perturb the interactions between the polypeptide and bulk water to promote associa- 
tions that lead to crystallization. 

[0040] Compounds known as "precipitants" are often used to decrease the solubility of the polypeptide in a concen- 
trated solution. Precipitants induce crystallization by forming an energetically unfavorable precipitant-depleted layer 
around the polypeptide molecules. To minimize the relative amount of this depletion layer, the polypeptides form asso- 
ciations and ultimately crystals as explained in Weber, Advances in Protein Chemistry 41:1-36 (1991). In addition to 
precipitants, other materials are sometimes added to the polypeptide crystallization solution. These include buffers to 
adjust the pH of the solution (and hence surface charge on the peptide) and salts to reduce the solubility of the polypep- 
tide. Various precipitants are known in the art and include the following: ethanol, 3-ethyl-2,4 pentanediol; and many of 
the polyglycols, such as polyethylene glycol. A suitable precipitant for crystallizing M-CSF is polyethylene glycol (PEG), 
which combines some of the characteristics of the salts and other organic precipitants (see, for example, Ward ef a/. 
J. Mol. Biol. 98:161 [1975] and McPherson J. Biol Chem. 251 :6300 [1976],). 

[0041 ] Commonly used polypeptide crystallization methods include the following techniques: batch, hanging drop, 
seed initiation, and dialysis. In each of these methods, it is important to promote continued crystallization after nuclea- 
tion by maintaining a supersaturated solution. In the batch method, polypeptide is mixed with precipitants to achieve 
supersaturation, the vessel is sealed and set aside until crystals appear. In the dialysis method, polypeptide is retained 
in a sealed dialysis membrane which is placed into a solution containing precipitant Equilibration across the membrane 
increases the polypeptide and precipitant concentrations thereby causing the polypeptide to reach supersaturation lev- 
els. 

[0042] In the hanging drop technique, an initial polypeptide mixture is created by adding a precipitant to concen- 
trated polypeptide solution. The concentrations of the polypeptide and precipitants are such that in this initial form, the 
polypeptide does not crystallize. A small drop of this mixture is placed on a glass slide which is inverted and suspended 
over a reservoir of a second solution. The system is then sealed. Typically the second solution contains a higher con- 
centration of precipitant or other dehydrating agent. The difference in the precipitant concentrations causes the protein 
solution to have a higher vapor pressure than the solution. Since the system containing the two solutions is sealed, an 
equilibrium is established, and water from the polypeptide mixture transfers to the second solution. This equilibration 
increases the polypeptide and precipitant concentration in the polypeptide solution. At the critical concentration of 
polypeptide and precipitant, a crystal of the polypeptide will form. The hanging drop method is well known in the art 
(see, McPherson J. Biol. Chem. 251:6300 [1976],). 

[0043] Another method of crystallization introduces a nucleation site into a concentrated polypeptide solution. Gen- 
erally, a concentrated polypeptide solution is prepared and a seed crystal of the polypeptide is introduced into this solu- 
tion. If the concentrations of the polypeptide and any precipitants are correct, the seed crystal will provide a nucleation 
site around which a larger crystal forms. 

[0044] In preferred embodiments, the crystals of the present invention will be formed from a dimer of M-CSF 
polypeptides. Preferred crystals are typically at least about 0.2 x 0.2 x 0.05 mm, more preferably larger than 0.4 x 0.4 x 
0.4 mm, and most preferably larger than 0.5 x 0.5 x 0.5 mm. After crystallization, the protein may be separated from the 
crystallization mixture by standard techniques. 

[0045] The crystals so produced have a wide range of uses. For example, high quality crystals are suitable for X- 
ray or neutron diffraction analysis to determine the three-dimensional structure of the M-CSF and, in particular, to assist 
in the identification of its receptor binding site. Knowledge of the binding site region and solvent-accessible residues 
available for contact with the M-CSF receptor allows rational design and construction of agonists and antagonist for M- 
CSFs. Crystallization and structural determination of M-CSF muteins having altered receptor binding ability or bioactiv- 
ity allows the evaluation of whether such changes are caused by general structural deformation or by side chain alter- 
ation at the substitution site. 

[0046] In addition, crystallization itself can be used as purification method. In some instances, a polypeptide or pro- 
tein will crystallize from a heterogeneous mixture into crystals. Isolation of such crystals by f fltration, centrifugation, etc. 
followed by redissolving the polypeptide affords a purified solution suitable for use in growing the high<juality crystals 
necessary for diffraction studies. These high-quality crystals may also be dissolved in water and then formulated to pro- 
vide an aqueous M-CSF solution having various uses known in the art including pharmaceutical purposes. 
[0047] Of course, amino acid sequence variants of M-CSF may also be crystallized and used. These mutants can 
be used for, among other purposes, obtaining structural information useful for directing modification of the binding affin- 
ity for M-CSF receptors. As with the naturally occurring forms, the modified M-CSF forms may be useful as pharmaceu- 
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tical agents for stimulating bone marrow proliferation, overcoming immune suppression and fungal diseases induced by 
chemotherapy, .mproving therapeutic efficacy, and lessening the severity or occurrence of side effects during therapeu- 
tic use of the present invention. Furthermore, modified M-CSFs may be useful for treatment of disease in which soluble 
or membrane-bound M-CSF causes or exacerbates the disease state. 

Characterization of M-P.RF 

[0048] After purification, crystallization and isolation, the subject crystals may be analyzed by techniques known in 
the art Typical analysis yield structural, physical, and mechanistic information about the peptides. As discussed above 
X-ray crystallography provides detailed structural information which may be used in conjunction with widely available 
molecular modeling programs to arrive at the three-dimensional arrangement of atoms in the peptide. Exemplary mod- 
eling programs include "Homology" by Biosym (San Diego. California). "Biograf" by BioDesign. "Nemesis" by Oxford 
S££Z'..^! r ? VL " and " Com P° ser " bv TriD0S Associates. "CHARM" by Polygen (Waltham. Massachusetts) 
AMBER by University of California. San Francisco, and "MM2" and "MMP2" by Molecular Design, Ltd. 
[0049] Peptide modeling can be used to design a variety of agents capable of modifying the activity of the subject 
peptide. For example, using the three-dimensional structure of the active site, agonists and antagonists having comple- 
m T! ry f! I . U ^; reS 030 te desi 9 ned t0 enhance the therapeutic utility of M-CSF treatment or to block the biological 
activity of M-CSF. Further. M-CSF structural information is useful for directing design of proteinaceous or norvprotein- 
aceous M-CSF agonists and antagonists, based on knowledge of the contact residues between the M-CSF ligand and 
its receptor. Such residues are identified by the M-CSF crystal structure as those which are solvent-accessible distal 
to tne carboxyl terminal membrane anchoring region not involved in dimer interface stabilizations, and possibly includ- 
ing residues not conserved between human and mouse M-CSF (which does not recognize the human M-CSF recep- 

Exampie 1 

[0050] Systematic crystallization trials with M-CSF were made using the hanging drop technique. A microdroplet 
(5^) of mother liquor is suspended from the underside of a microscope cover slip, which is placed over a well containing 
1ml of the precipitating solution. 60-70 initial trials were set up in which pH. temperature, counterion and precipitant 
were varied. From these trials, the few that gave promising microcrystals were picked for more careful examination 

~ " W3S dlscovered suitable cr ystals may be grown from a 20 (u drop containing: 10 mg/ml protein 100 
S^SS" ? TriS C1, PH a5, and 12% PEQ 4000 - ™ s drop »** «?" ilil *ated against a reservoir containing 24% 
4000 - needle-like crystals appeared in 2-3 days which were redissolved in 10 (il water and recrystallized at 
room temperature. Good quality chunky crystals appeared in 7-9 days in sizes ranging from 0.3 x 0.3 x 0.3 mm to 0 5 
x 0.5 x 1.0 mm. 

J°« 2 !,a Precession Photographs revealed the space group to be P2,2 1 2 1 with unit cell dimensions: a=33.53A 
u- C=159 77A - Th' 55 9'ves a unit cell volume of 349084.5A 3 . which is consistent with a dimer in the crystallo- 
graphic asymmetric unit, and 52% of the unit cell volume being occupied by solvent. The crystals diffracted to a resolu- 
tion of 3A on a Rigaku rotating anode X-ray generator (Danvers. Massachusetts) operated at 50 kV and 60mA and to 
2.6A in synchrotron radiation. 

[0053] Screening for heavy atom derivatives was done by soaking crystals into solutions of heavy-metal salts Zero- 
larel precession pictures of the soaks were used to identify potential derivatives. About 30 different soaking conditions 
were examined, of which 4 potential derivatives were identified. Unfortunately, some soaks caused the crystals to 
exhibit non-isomorphism (i.e.. the heavy atom soaks induced a change in cell dimensions, making them unusable for 
phase calculation). 

. Thref-dimensional intensity data were collected on film using an oscillation camera on the X-ray beam-line 
at the National Synchrotron Light Source, Brookhaven. Several other data sets, of native (underivatized M-CSF) as well 
as potential derivative crystals have been collected on a Rigaku X-ray generator. The following data sets were collected 



Crystal 


Resolution(A) 


N(observations) 


N(unique) 


X-Ray Source 


Native 


2.8 


27922 


7311 


Synchrontron 


Native 


2.9 


35236 


7002 


Rigaku (film) 


Native 


3.5 


5144 


5116 


Rigaku (diffractometer) 
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(continued) 



Crystal 


Resdution(A) 


N(observations) 


N(unique) 


X-Ray Source 


K 2 Hg(SCN) 4 


3.5 


15885 


4119 


Rigaku (film) 


U0 2 CI 2 


3.5 


25492 


5048 


Rigaku (film) 


C/s-Pd(NH 3 ) 2 CI 2 


3.1 


26122 


6304 


Synchrotron 



Example 2 

[0055] Recombinant M-CSF polypeptides were purified from E coli. and renatured to form a disulfide-linked 
dimeric protein as described in U.S. Patent No. 4,929,700. Crystallization of the resulting unglycosylated M-CSFa pro- 
tein (amino acids 4-158 in homodimeric form) was performed by the hanging drop method. Glass microscope plates 
were siliconized prior to use by dipping immersion into a 1% (volumervolume) solution of the organosilane compound, 
Prosil-28 (PCR Incorporated, Gainesville, Florida, 32602) washing the treated glass plates with water, and baking at 
180 degrees. 

[0056] A 2 mg/ml aqueous solution of purified human recombinant M-CSF was dialyzed and concentrated against 
50 mM Tris-HCI (pH 8.5) using a dialysis tubing having a 10kD cutoff. The final concentration of polypeptide (10 mg/ml) 
was determined by ultraviolet spectrophotometry at 280 nm. 

[0057] About 7 microliters of the concentrated solution was mixed in each well of the spot plate with 7 microliter of 
20% (v/v) PEG 4000, 0.2 M MgCfe, 0.1 M Tris-HCI (pH 8.5). The spot plate was then placed in a clear plastic sandwich 
box containing 20 ml of 23% PEG 4000, 0.2 M MgCI 2 , 0.1 M Tris-HCI (pH 8.5) and the box was immediately sealed and 
stored at room temperature. Minor variations in this procedure such as altering buffer conditions are within the scope of 
the present invention. For example, in a preferred embodiment of the present invention, buffer conditions were altered 
to include 1 50 mM MgCI 2 and 24% PEG 4000. 

[0058] After 3-5 days, small microcrystals having a size of 0.1 x 0.1 x 0.05 mm appeared in each well. These micro- 
crystals were isolated and redissolved in 25 microliter of 50 mM Tris-HCI and allowed to stand at room temperature. The 
purified M-CSF crystallized from solution into large hexagonal prism shaped crystals ranging in size from 0.3 x 0.3 x 0.3 
mm to 1 mm x 2 mm x 0.5 mm. These crystals were stable at room temperature for at least three months. In some 
instances, an artificial mother liquor was prepared using 23% PEG 4000 and 150 mM MgCI 2 crystals were then added 
to this mother liquor. In these cases, the crystals were removed from the mother liquor immediately prior to analysis. 
[0059] Using reducing and non-reducing SDS-PAGE analysis, the M-CSF in the crystals was shown to be identical 
in molecular weight to the biologically active starting material. Thus, the M-CSF structure obtained from the crystals is 
likely to be essentially identical to the structure of biologically active M-CSF. 

Example 3 

[0060] Glass microscope slides were prepared as described in Example 2. 7 microliters of the same concentrated 
M-CSFa protein solution was mixed in each well of the spot plate with 7 microliter of 30% (v/v) PEG 4000, 0.2 M ammo- 
nium acetate, 0.1 M acetate buffer (pH 7.5). The spot plate was then placed in a clear plastic sandwich box containing 
20 ml of 30% PEG 4000, 0.2 M ammonium acetate, 0.1 M acetate buffer (pH 7.5) and the box was immediately sealed 
and stored at room temperature. After 3-5 days, thin, plate-like, fragile crystals having a size of approximately 0.3 x 0.3 
x0.05 mm appeared. 

Example 4 

Preliminary X-ray Analysis 

[0061] X-ray crystallographic analysis using precession photographs showed that the crystals produced in Exam- 
ple 2 have an orthorhombic crystal lattice in the P2 1 2 1 2 1 space group with cell dimensions a=33.54, b=65.26, c=159.63 
d = 90.0, c = 90.0 and f = 90.0 angstroms and diffract to a nominal resolution of 2.6 angstroms using synchrotron radi- 
ation. These data provided a unit cell volume of 348084.5 angstroms 3 , which is consistent with a dimer in the crystallo- 
graphic asymmetric unit with 52% of the unit cell volume being occupied by solvent. Fig. 1 is a 12-degree precession 
photograph of the OW-zone section of the M-CSF crystal. The photograph was taken using a precession camera man- 
ufactured by Enraf-Nonius Company (Delft, Holland), mounted on a Rigaku RU-200 X-ray generator operated at 50kV 
and 50mA. 
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Testing of M-CSF Receptor Binding Ability Using Soluble M-CSF Receptor 

5 [0062] An essential step in the biological function of M-CSF in vivo is the binding to the M-CSF receptor also 
refened to as the c-fms gene product. Recombinant human soluble M-CSF receptor (rhsM-CSFR). representing amino 
acids 20 to 51 1 (Coussens. L etal, Nature, 320277 (1986)) was used as an in vitro assay reagent to test the receptor- 
binding ability of M-CSF proteins. To generate a soluble form of the transmembrane receptor, only the extracellular 
domain of the human M-CSF receptor was expressed in a baculovirus/insect cell recombinant expression system In 
to order to purify the soluble receptor without adversely affecting tertiary or quaternary structure, non-denaturing chroma- 
tographic methods were chosen, as described below. Other choices exist for the purification of the recombinant recep- 
tor. Affinity chromatography may be employed when either a suitable antibody to or ligand for the receptor are available 
Alternatively, "tags" may be added to the C-terminus of the recombinant receptor, i.e., KT3 antibody recognition 
sequence, and purified by an anti-tag antibody, i.e., KT3. column, for use in affinity chromatography. In expression sys- 
is terns in which the rhsM-CSFR is glycosylated, lectin chromatography can be used to enrich for specific glycoproteins. 
[0063] The rhsM-CSFR can be used to study ligand/receptor interactions as well as ligand-induced receptor dimer- 
ization. The assay used to detect ligand/receptor binding employed the use of size exclusion-HPLC. essentially as 
described in European Patent Application WO92/21029. C. Cunningham, et al., with the following modifications: the 
column used was a Superose 6 (Pharmacia LKB Biotechnology. Inc.) and the mobile phase was PBS at 0.5 ml/min and 
a M-CSF to rhsM-CSFR ratio of 1 :2. At this ratio, the M-CSF/rhsM-CSFR complex chromatographed with an apparent 
hydrodynamic radius of 1 90.000 molecular weight, the molecular weight expected for a M-CSF(rhsM-CSFR) 2 complex 
Other assays may be employed to measure ligand/receptor binding or receptor dimerization such as chemical 
crosshnking and SDS-PAGE or immunoprecipitation and SDS-PAGE. Molecules that inhibit receptor dimerization but 
not ligand binding provide another method to antagonize M-CSF actions. 

[0064] The DNA encoding rhsM-CSFR was cloned for expression in insect cells using the following general strat- 
^mak 6 P0 ? '° n ° f ,he C ' fm 9606 corres P° ndin 9 t0 amin ° acids one to 51 1 was amplified from human macrophage 
bv Polymerase chain reaction (PCR) using an upstream primer of: 5 , -GCGTAC_C_ATGGGCCCAGGAGTTCTGC- 
3' (SEQ ID NO.9) and a downstream primer of: 5'-AGTCGAQQAICCTCAATCCGGGGGATGCGTGTG-3' (SEQ ID NO 
10). The underlined sequences are the Ncol and BamHI restriction sites used to subclone the PCR product into the 
pAcC5 vector (Luckov etal, Bio/Technology 6:47-55). The P AcC5:hsM-CSFR vector was expressed in Sf9 insect cells 
using a baculovirus helper vector as previously described (Summers, et al., A Manual of Methods for Baculovirus Vec- 
tors and Insect Cell Culture Procedures (1 987)). 

[0065] Approximately two liters of serum-free 72-hour conditioned medium was collected by centrifugation and ffl- 
!^K° m Sf9 Ce " S infeCled With PA^teM-CSFR construct described above. The material was diaffltered with 

as DEAE buffer A [1 0 mM Tns, pH 8.8. containing the following protease inhibitors (which were added all buffers through- 
out the purification): 1 mM EDTA, 2 ng/ml leupeptin and 100 nM PMSF] and concentrated 20-fold with a 20 000 molec- 
ular weight cut-off Pyrostat Ultrafiltration Membrane (Sartorius). The reterrtate was loaded onto a DEAE Sepharose 
column (Pharmacia LKB Biotechnology. Inc., Piscataway. New Jersey) having a bed volume of 100 ml that had been 
pre-equilibrated with DEAE Buffer A. Elution was at 5 ml/min with a 0-0.8 M NaCI gradient in 500 ml of DEAE Buffer A 

40 Fractions enriched in rhsM-CSFR were detected by Western Analysis [Burnett, R. Anal. Biochem., 112195 (1981)] 
and dot blot analysis of serially diluted fractions, using anti-c-FMS monoclonal antibodies (Oncogene Sciences, Inc.) 
Tbe dot blot assay was used throughout the purification to identify fractions containing rhsM-CSF. Enriched fractions 
were pooled, made 0.8 M in ammonium sulfate, adjusted to pH 7.0 and loaded onto a Phenyl TSK-5-PW HPLC column 
(7.5 x 75 mm) (BioRad). The column was eluted at 1 ml/min with a decreasing ammonium sulfate gradient over 45 min- 

45 utes - P eak fractions were pooled and concentrated 10-fold with a stir cell concentrator using a YM30 membrane (Ami- 
con). The retentate was chromatographed with FG3000XL size exclusion column (DU PONT. Wilmington. Delaware) 
using a mobile phase a phosphate-buffered saline (PBS) at 3 ml/min. The purified receptor was pooled, concentrated 
to 1 mg/ml as above and stored at 4«C. This process recovered 650 ng of rhsM-CSFR. purified 200-foW. The prepara- 
tion was about 95% homogeneous as assayed by SDS-PAGE stained with Coomassie Blue 

JO 

Example 6 



30 



Crystallization of M-CSF/Soluble M-CSF Receptor Complex 

[0066] To crystallize the M-CSF/rhsM-CSFR complexes, glass microscope slides are prepared as described in 
Example 2. The M-CSF composition used is incubated with a purified soluble form of the M-CSF receptor, truncated at 
a residue before the transmembrane region, to form an M-CSF/ receptor complex. In certain cases, the rhsM-CSFR is 
deglycosylated prior to the size exclusion step by incubation with N-glycanase (Genzyme. Cambridge Massachusetts) 
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according to the manufacturer's instructions. A small quantity of M-CSF/receptor solution is mixed in each well of the 
spot plate with a comparable quantity of a drop solution (such as about 20% (v/v) PEG 4000. 0.2 M MgCI 2 , 0.1 M Tris- 
HCI (pH 8.5)). The spot plate is then placed in a clear plastic sandwich box containing a small amount of precpitant 
solution (such as about 23% PEG 4000, 0.2 M MgCI 2 , 0.1 M Tris-HQ (pH 8.5)). Ttie box is immediately sealed and 
stored at room temperature. 

[0067] After a few days, crystalline M-CSF-receptor complex is isolated and redissolved in a solution containing 
about 50 mM Tris-HCI and is allowed to stand at room temperature. The purified M-CSF-receptor complex crystallizes 
from solution to form crystals for X-ray structural analysis. To facilitate solution of the crystal structure of such com- 
plexes, truncated, non-glycosylated forms of the rhsM-CSFR (described above) which retain M-CSF binding ability may 
be employed to generate M-CSF-receptor complex crystals. 

Example 7 



[0068] The biological activity of the non-glycosyiated. truncated sequence used in Examples 2 and 3 was shown to 
be equal to that of the mature protein purified from human urine (Halenbeck, R.. et al., Bio/Technology, 7:710-715 
[1989]). As noted, the resulting crystals had an orthorhombic crystal lattice in the P2 1 2 1 2 1 space group, with cell dimen- 
sions a=33.54, b=65.26. and c=159.63 A. Intensity data were collected using imaging plates mounted on a Weissen- 
berg camera modified for macromolecular crystallography at the Photon Factory in Tsukuba. Japan. Native data to a 
nominal resolution of 2.0A. and mercury and platinum derivative data were collected using 1.0A radiation. Two crystal 
settings were used to collect native data [Rmerge (l)=7.0%, using all measurements with l>0.0]. 
[0069] Heavy atom derivatives of M-CSF crystals were prepared by soaking crystals in heavy atom compounds dis- 
solved in the reservoir solution. Isomorphous and anomalous difference Patterson maps clearly revealed one site for 
the mercury and two sites for the platinum derivative. Anomalous and isomorphous phase information as used in initial 
phase refinement with the PROTEIN program package. The final figure of merit was 0.62 (8.0-3.0A, 6960 reflections). 
After solvent flattening, B.C. V\feng, Methods Enzymol, 1 15:90 (1985), two bundles of four alpha helices related by an 
approximate two-fold axis could be seen in the electron density map. Rotation and translation parameters of this non- 
crystallographic axis were refined by a density correlation method, J.M. Cox, J. Mol. Biol. 28:151 (1967). Phases were 
then iteratively refined by molecular avenging and solvent flattening, G. Bricogne, Acta Cryst, 32:832 (1976), using an 
envelope calculated by putting 5A spheres around all the atoms in the four helical bundle. Chain tracing and model 
building were done in the resulting map, (using the program FRODO), TA Jones, Methods Enzymol. 115:157 (1985), 
keeping the original MIR map as a reference. 

[0070] The starting partial model for refinement contained only a polyalanine backbone for eight helices making up 
the two bundles. Positional refinement using the program XPLOR, AT. Brunger. J. Mol. Biol. 203:803 (1985), gave an 
R-factor of 0.49 to 3.0A. Phase combination with the refined MIR phases resulted in a map of sufficient quality to allow 
the tracing of two long loops traversing the four helical bundle and a short loop connecting two of the helices. Two strong 
peaks in the density, one at the top of the first helix, and the second lying directly on the molecular two fold axis, were 
assigned as disulfide bonded cysteines. The numb©- of residues between these two peaks uniquely identified the posi- 
tion in the sequence of these cysteines and consequently the sequence of the intervening residues. This initial regis- 
tration was confirmed by the presence of a number of regions of strong density corresponding to aromatic side chains 
in the sequence. Partial model phase combination using the added loops and those side chains that were visible 
allowed the remaining residues to be registered, thus determining the overall topology of the molecule. The presence 
of seven disulfide bonds in the dimer served as important "tether points" to confirm the correctness of the tracing. 
[0071 1 ] As shown in Fig. 2, the overall topology of this form of M-CSF is that of an antiparallel four a-helical bundle, 
in which the helices run up-up<lown-down, unlike the more commonly observed uptown-uptown connectivity of most 
four helical bundles. A long crossover connection links helix A to helix B and a similar connection is found between hel- 
ices C and D. 

[0072] A striking difference from other cytokines and other four helix bundle structures is that the truncated M-CSFa 
forms a disulf ide-linked dimer, in which the bundles are linked end-to-end, forming an extremely flat, elongated structure 
(approximate dimensions 85 x 35 x 25 A) as shown in Figs. 3 and 4A and 4B. There are three intramolecular disulfide 
bonds in each monomer (Cys7-Cys90, Cys48-Cys139, Cys102-Cys146) all of which are at the distal end of the mole- 
cule. One interchain disulfide bond (Cys31-Cys31) is located at the dimer interface with the noncrystallographic two- 
fold symmetry axis passing through it as shown in Figs. 3 and 4A and 4B. Mutation experiments indicate that all of the 
cysteine residues in this form of M-CSF may be necessary for full biological activity. The structure described herein sug- 
gests that their role is primarily structural rather than being related to receptor recognition. 

[0073] Appendix 1 provides the three-dimensional structure of the truncated recombinant M-CSFa dimer as iden- 
tified by the alpha-carbon positions of the amino acid residues in the sequence. The five carboxy terminal amino acids 
of each polypeptide of the dimer were not included. As will be recognized to those of skill in the art, the information in 
Appendix 1 is provided in the format used by the Brookhaven Protein Data Bank. 
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Example 8 

Preparation of M-CSF Heterodimers 

Purification nf M-P.SF Monomers- 



40 



45 



* E221 M-SfTS cTsSs SSL!?*? to^MSSM-CSFa descrtoed in U.S. Patent No. 4.929.700 or 
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Formation and Analyst of Active M-P.fiF u*^;^ 
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» ■ Te ISSS^SSZi 2EE2S2S* and 1 mM r bed 9,utathione - and 
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Biological Activity of Refolded Homodimers and Heterodimers 



[0081 ] The biological activity of the refolded homodimers and heterodimers described above, was examined using 
the in vitro M-CSF-dependent NFS-60 bioassay (see Example 10 below). Figures 5A-5C show the result of these stud- 
ies. These SE-HPLC and biological activity profiles analyzed after 72 hr of refolding, show that the heterodimer, Figure 
5C, displays activity very similar to that of the two homodimers, (Figures 5A and 5B). Given that the separation of the 
heterodimer from the homodimers was nearly complete, it can be concluded that the heterodimer is fully biologically 
active in vitro. 

[0082] To verify that the M-CSF protein eluting from these columns at the predicted heterodimeric position 
(between the two homodimers) actually did consist of equal moles of short- and long-clone monomers, analysis of a 
preparative purification of the 1 58/221 F heterodimer was carried out. Phenyl-HPLC was performed as described above 
and was shown to completely resolve the heterodimer from the 158 and 221 F homodimers, as seen in Figure 6A. 

Preparative Purification of M- CSF HeterodinwR- 

[0083] The refolded M-CSF was adjusted to pH 7.6 with 1 N HCI, and ammonium sulfate was added to 1 2 M The 
protein was loaded onto a Bio-Gel TSK-Phenyl-5-PW column (7.5 x 75 mm) (BioRad, Richmond, California) equili- 
brated in 1 .2 M ammonium sulfate, 100 mM phosphate (pH 7.0). The M-CSF was eluted with a decreasing gradient of 
ammonium sulfate from 40% to 80% buffer B (10 mM phosphate, pH 7.0) in 24 min. 

[0084] Reducing and non-reducing SDS-PAGE (Figures 6B and C) showed that internal controls (the 158 and 221 F 
dimers) were purified to approximately 95% homogeneity by this column, and each consisted of the single expected 
monomeric band. The gel analysis also showed that the heterodimer was purified to approximately 95% homogeneity 
and that it consisted of equivalent amounts of 158 and 221F monomers. Recovery of purified 158/221F heterodimer 
from retractile body paste to final product was greater than 15 %. 

[0085] The bioactivity of the dimeric M-CSF species was determined and, when compared to the A 280 profile in Fig- 
ure 6A, confirms the finding that the heterodimer is fully active. The specific activity of the 158/221 F heterodimer, cal- 
culated using the peak fraction, was 8.0 x 10 7 units/mg, compared to 9.0 x 10 7 and 6.8 x 1 0 7 units/mg for 158 and 221 F 
homodimers, respectively. 

[0086] The biological activity of all three dimer species was neutralized to the same extent in serial dilution neutral- 
ization experiments using the 5H410 M-CSF Mab in the NFS-60 bioassay. This antfcody also neutralizes "naturally 
refolded" Chinese hamster ovary cell (CHO)-expressed M-CSF in a similar fashion. This result further suggests that the 
refolded conformation of the new M-CSF heterodimer is essentially native-like, at least with regard to the region within 
the first 150 amino acids that is responsible for in vitro activity. 

Example 9 



Selection of Amino Acid Substitutions in M-CSF Based on Crystallographic Data 

[0087] The X-ray crystallographic data described above provided sufficient structural information regarding M-CSF 
to be able to identify a limited subset of the amino acids in the protein that are likely to be crucial for M-CSF receptor 
binding and biological activity and thus which represented likely candidates for mutagenesis with the ultimate goal of 
providing M-CSF muteins having altered biological activity (i.e., agonists or antagonists). Based on this information, 
several criteria were used to generate a list of possible target amino acids for substitution. 

[0088] The first criterion was solvent exposure or solvent accessibility, which refers to amino adds residues at the 
surface of the protein. Residues having a solvent accessible surface area of greater than about 0.25 and preferably 
greater than about 0.4 are preferred based on normalization of the surface area of the amino add accessible when in 
the trypeptide gly-x-gly (Kabsch, W. et al., Biopolymers 22:2577 (1983)). Residues were chosen which do not interact 
with other parts of the protein such as the dimer interface in order to maintain the relative orientation of monomers and 
to avoid disturbing the process of protein folding. Still another criterion used in certain instances in selecting candidate 
amino acid substitutions is the relationship of the residues to corresponding residues in mouse M-CSF. Another impor- 
tant selection criterion was that the substitutions be non-conservative so as to attempt to disrupt possible hydrogen 
bonding or hydrophobic interactions with M-CSF receptor residues. 

[0089] Table 1 lists exemplary amino add residues and exemplary substitutions. Using the criteria for selecting can- 
didates for substitutions set forth above, those of ordinary skill in the art may readily ascertain other possible candidates 
for substitution. 
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Table I 



10 



15 



20 



25 



30 



35 



Candidate Substitutions 


Wild Type Amino Acid and 


oUDSutuuons 


Location 




His (H) 


15 


Ala(A) or Leu(L) 


Gin (Q) 


17 


Ala(A)orGIu(E) 


Gin (Q) 


79 


Ala(A) or Asp(D) 


Arg(R) 


86 


Glu(E) or Asp(D) 


Glu (E) 


115 


Ala(A) 


Glu (E) 


41 


Lys(K) or Arg(R) 


Lys(K) 


93 


Ala(A) or Glu(E) 


Asp(D) 


99 


Lys(K) orArg(R) 


Leu (L) 


55 


Gln(Q)orAsp(N) 


Ser(S) 


18 


Ala(A) or Lys(K) 


Gin (Q) 


20 


Ala(A)orAsp(D) 


Arg(R) 


21 


Ala(A), Glu(E), orAsp(D) 


He (1) 


75 


Lys(K) orGlu(E) 


Val(V) 


78 


Lys(K)orArg(R) 


Leu (L) 


85 


Glu(E) or Asn(N) 


Asp(D) 


69 


Lys(K) orArg(R) 


Asn(N) 


70 


Ala(A) or Glu(E) 


His (H) 


9 


Ala(A) or Asp(D) 


Asn(N) 


63 


Lys(K) orArg(R) 


Thr (7) 


34 


Gln(Q) or Lys(K) 



40 



45 



50 



55 



[0090] It is not expected that every candidate substitution listed will result in the production of M-CSF agonists or 
antagonists (see Example 12 below). Rather they represent a non-exclusive list of candidates likely to result in the pro- 
duction of agonists or antagonists based on the selection criteria set forth above. It should also be noted that even if a 
variant does not act as an agonist or antagonist when compared with native M-CSF, the variant is still useful for con- 
ventional uses of the hgand (if it retains the same activity as the ligand) or as for example, a diagnostic reagent. 

Example 10 

Preparation of H9A, H1 5A M-CSF Muteins 

[0091] A variety of M-CSF muteins with altered solvent-accessible residues from regions of the M-CSF mature N 
terminus and helices A, C, and D were constructed using techniques known in the an. For example, two histidines in 
the N-termnaVA helix region were changed to alanine through site^lirected mutagenesis of a truncated form of M- 
CSFa (encoded by P LCSF158A). Involvement of one of three M-CSF histidine residues in M-CSF receptor interaction 
was implicated by our observation that diethylpyrocarbonate (DEPC) modification of histidines in M-CSF at a 1100 
DEPCrhistidine ratio (as described in Meth. in Enzymol. 47:431 (1977)) significantly reduced bioactivity. 
[0092] Plasmid DNA pLCSF158A was prepared from the E. coli strain HW22 canying the plasmid pLCSF158A 

icif' q^S,^,! 929,700 ' Btamp,e 6 ' " E C0 " Strain HW22 to""*™*! ««h pJN653 containing the 
as P59 scSF/NA3CA158 gene"). The strain was grown in 350 ml R2 media (2X Luria Broth containing 1% sodium chlo- 
ride and no glucose, J. Bad, 74:461 (1957)) containing 50 micrograms/ml ampicillin at 30° C with shaking overnight. 
Plasmid DNA was prepared from the cells using a Qiagen-tip 100 column according to the manufacturer's directions 
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[0093J Twenty micrograms of pLCSF158A DNA were digested with 66 units of H/hdlll and 66 units of Stu\ at 37°C 
S 3 ^k. 2 *° 200 micro,iters 1X New En 9'and Biolabs NEBuffer 2 (New England Biolabs, Beverly, Massachusetts) 
The DNA was extracted with phenol and chloroform, then ethanol precipitated. The DNA was treated with one unit of 
Calf Intestinal Alkaline Phosphatase in 100 microliters of 1X Dephosphorylation Buffer, supplied by Boehringer Man- 
nheim (Indianapolis. Indiana), at 37 e C for 30 min. An additional unit of Calf Intestinal Alkaline Phosphatase was added 
to the reaction and incubation was continued at 50°C for 1 hr. 

[0094] The resulting DNA was then run on a 1 % FMC Bioproducts (Rockland. Maine) Sea KEM® GTC® agarose 
gel. The 5.7 kb pLCSFI 58A fragment was cut from the gel and purified on Qiagen (Chatsworth, California) Qiaex beads 
according to the manufacturer's directions. 

10095] Polymerase chain reaction (PCR) was then performed and a PCR product was produced that contained a 
mutagenized M-CSF sequence in which histidines 9 and 15 (counting from the mature N-terminus) were altered to 
1 a ^? 0 T eratin9 an H9A> H15A PCR ,ra 9 ment >- ™ e 5 ' Potion of the M-CSF gene was amplified from the plasmid 
pLO&FI 58A in a PCR reaction using the primers LF73 and LF74. Details of PCR are provided by Mullis K et al. U S 
Patent No. 4,683,202; Ehrlich. H.. U.S. Patent No. 4,582.788; Saiki ef al., U.S. Patent No. 4.683.195; Mullis K B ' Cold 
Spnng Harbor Symp. Quant. Biol. 51:263-273 (1986); Saiki et al., Bio/Technology 3:1008-10012 (1985); and Mullis 
K.B. et al., Meth. Enzymol 155:335-350(1987), all of which are incorporated herein by reference. The sequences of 
these primers are: 



LF73: 

5 '-AGGTGTCrCATAGAAAGTTOGGAOGCAGGCCTTGTCATGCTCTTCATAATCCTTGG-3 ' 
(SEQ ID NO. 1) 

LF74: 

5 '-CAG<JAGAAAGCTTATtjIX7IXjAATATrGTAGCGCCATGATO - 
(SEQ ID NO. 2) 



S 0 ? 6 - . The expected PCR product was designed to include 337 bp of pLCSF158A sequence, with the Hind\\\ and 
btul sites located at each end of the product for cloning, and the histidine codons for His 9 and His 15. CAC mutated 
to an alanine codons, GCC. 

[0097] This product was amplified in four separate PCR reactions each containing 100 ng of pLCSF158A DNA 50 
pmoles LF73; 50 pmoles LF74. 37.5 nM dNTPS, 5% glycerol, 1X Perkin Elmer Cetus PCR Buffer, and 2.5 units of Per- 
Nn Elmer Cetus AmpliTaq® DNA Polymerase in a 100 microliter volume. The amplification was earned out in a Perkin 
Elmer Cetus DNA thermocycler. Before adding the AmpliTaq®, the reactions were brought to 95«C. The amplification 
was carried out for 25 cycles ramping to a denaturation temperature of 95°C in 1 sec., denaturing at 95"C for 1 min- 
ramping to an annealing temperature of 68°C in 1 sec., annealing at 68°C 1 min.; ramping to an extension temperature 
of 72 C in 30 sec., extending at 72 <> C 1 min., 30 sec. Final extension was earned out at 72'C for 10 min. 
[0098] Five microliters of each reaction were run on a 3% agarose gel (1 .5% FMC Bioproducts SeaKem® GTG® 
agarose, 1 .5% FMC Bioproducts NuSeive® GTG® agarose in Tris-Borate buffer) (FMC Bioproducts. Rockland Maine) 
mST" 8 ^ s,amed with bromide. For each reaction, a major band was visible at approximately 337 bp 

[0099] The four reactions were pooled, extracted with phenol and chloroform, precipitated with ethanol, resus- 
pended and digested with 250 units of Stu\ in a final volume of 500 microliters 1X NEBuffer 2 at 37°C for 2hr 500 units 
of Hindti\ were added to the reaction, the volume increased to 1 ml in 1X NEBuffer 2 and digestion was continued at 
37'C for an additional 2.5hr. The DNA was electrophoresed on a 3% agarose gel. The 300 bp digested product was cut 
from the gel and purified on Qiagen Qiaex beads according to the manufacturer's directions. 
[0100] Approximately 68 ng of the HindlWStul digested PCR product was then ligated to approximately 28 ng of 
the 5.7 kb HmdWSM digested pLCSF158A vector DNA at an insert-to-vector ratio of approximately 51 Ligation was 
earned out with 1 unit of Boehringer Mannheim T4 DNA ligase in 1X ligation buffer, supplied by the manufacturer in a 
zo-microliter volume at 16'C overnight. As a control 28 ng of the 5.7 kb Hind\WStu\ digested pLCSF158A vector DNA 
was ligated to itself under the same conditions with no insert present 

[0101] Half of each ligation mixture was used to transform competent £ coli DG1 16 (ATCC# 53606) cells using a 
protocol similar to the calcium chloride procedure described in Molecular Cloning a Laboratory Manual Maniatis et al 
ooid Spring Harbor Laboratory (1 982). Transformed cells were allowed to express at 30°C with no selection for 90 min. 
plated on R2-4 (10g tryptone. 5g yeast extract. 5g NaCI. 2 drops antifoam A 4 ml 50% glucose and 15g agar in 1 liter) 
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^rS'"" 1 ^ 50 micr ° 9ra ? s/ml ampicinin - P'a*es were incubated at room temperature 72 hr. One fourth of 

S^TTS TJ? 11 " 1 FW the " 9ati0n COntainin9 * e insert « 66 ampi °" l,in r «istant colonies appeared on the 
plates. For the ligation with no insert, no colonies appeared. 

[0102] One of these colonies, designated strain TAF172-2, was picked and cultured in 350 ml R2 broth with 50 

Z WaS ,SOlated ,rom culture usin 9 Qiagen-tip 100 columns as described above 
21 T 1 ? ^L" ied DNA ' pTAF172 ' 2 - w 38 sequenced using the di-deoxy method and shown to contain the 
fZ,?* l pLCSF158A for M -CSF NA3CA158 with His 9 and His 15 mutated to encode Ala 
222. M ^ SFmu,ein ^3CA158 H9A. H15A encoded bypTAF172-2 was expressed, purified', refolded to form 
dimeric protein and assayed essentially as described in US. Patent No. 4.929,700 Example 5 using 8M urea as a 
denaturant and in the DEAE purification step 9 

mi'lfL The H N - ter " 1 ' nal sec >" ence of me P" r «ed mutein was determined through 20 cycles, using a standard auto- 
mated Edman degradation method, and shown to be identical to that of the parental NA3CA1 58 M-CSFa reference nro- 

2I.°. 6 i ™ e purified , mutein dimers were subjected to bioassay using NFS-60 cells which is an M-CSF dependent 

duS i^fSlSESirJ?. £! sence of *f Ve M " CSF standards and ^ mutein sam p ,es were serial, y 

i SIT? fetal b0V " 1e ,n a 50 micro,iter v 01 "" 16 in microliter plates. 50 microliters 

KKTlE^, 0 ^"* r in 5: ned in 40 ° 0U/ml M " CSF - WaShed 2X ' and di,uted to a concentration d Tx 
10 cell/ml, were added to each sample well. Plates were incubated at 37»C, 5% CO, for 44h 5 mg/ml MTT dve was 

cS ^lZrT ab =e* ance of sample was read at 570 nm and compared to a standard known M- 
^SS7S?S^SX' 2 mu ! e '" showed a specific activity 7.6x1 0* U/mg compared to 6.9x1 0? U/mg for the 
£ ^ ^ 6renCe the 83016 aSSa/ This re P re sents a nearly 10.000 fold reduction biological 
activity for he mutein. The same M-CSF mutein preparation was shown to have greatly decreased M-CSF receptoT 
b.nd.ng ab.htyus.ng the NFS-60 receptor competition assay described in this example. Because me H9A H15AM?SF 
mutein was otherw.se not significantly different from the parental M-CSFa, including crystallizabiity and space group 

in JSf^ J W6 . be ^lo! d6CreaSe bi0l09, " Ca, activity is not due to 9 r °ss deformation of structure but reflects 
an alteration in important M-CSF receptor contacts. 

30 5I21 JfS? essentia,| y ^same methodology, two M-CSF muteins contacting singly substituted histidines at res- 
idues 9 and 15 were generated (e.g. H9A and H15A). The H9A construct utilized LF80: 

5 '-CAGGAGAAAGCTTATGTCTGAATATTGTAGCGCCATGATTGGGAGTGGACACCTGCAG-3 ' 
35 (SEQ ID NO 3); 

and LF73 (described in this example) as the PCR primers. The H15A construct utilized LF81: 

5 '^AGGAGAAAGCTTATGTCTGAATATTGTAGCCACATGATTGGGAGTGGAGCCCTGCAG-3 ' 
(SEQ ID NO. 4); 

U?r£? (d6 f Cribed in . * h \ s examp,e > as PCR P rimers ' Bi °'°9ical assay of the purified muteins immediately following 
ariZJS T t flf* f*"* ShWed a P proximate logical specific activities as follows: 4 x 10 6 U/mg for H9A 
2 Si ^ in an aSSay "** 1,16 parental M " CSF displayed 8x10' U/mg. This 

are important for M-CSF receptor binding. Nearby solvent accessible residues such as Y6 and S13 (see also Table 1) 
may also represent M-CSF receptor contact residues. Non-proteinaceous mimics of the side chains of H9 H15 and 
neart>y solvent accessible side chains may represent M-CSF agonists or antagonists. Such residues should be left 
h" 1 Ti" C ° nStrUCtS de$i9ned to ret3in ** M ' CSF receptor bindin 9 ** to hav « M-CSF antagonist 

l^J^^^l*™" bi0aCtiVity Sh0Uld fepresent MCSF antagonists M-CSF muteintthat are greatly 
decreased in both M-CSF bioactivity and receptor binding ability (such as H15A) may generally be useful in M-CSF 
immunoassay applications and might represent useful therapeutic agents for patients having auto-antibodies to M-CSF 
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Example 11 

Preparation of Q20A, V78K M-CSF Muteins 

5 [0108] Using essentially the same methodology described in Example 10, adouble mutant of M-CSF (Q20A V78K) 
was constructed to test the importance of solvent accessible residues in the central portion of helices A and C The fol- 
lowing PCR primers were used. 



LF63: 

5 '-AGGAGAAAGCTTATGTCTGAATATTGTAGCCACATGATTGGGAGTGGACACCTGCAGT 
CTCTGGCTCGGCTG-3' (SEQ ID NO. 5) 

LF64; 

5 '^GACGCAGGCCTTGTCATGCTCTTCATAATC 
AGAGAGTTCCTGCAGCTGTTTAATGGC-3 ' (SEQ ID NO. 6) 



[0109] The resulting mutein was expressed, refolded, purified, and assayed as described in Example 8. The spe- 
cific biological activity was 1 .4 X 10 7 U/mg, approximately 8-10 fold lower than that of the parental M-CSFa reference 
standard. The receptor binding activity of this mutein was also decreased. 

[0110] This result again supports the prediction of over crystallographic study of truncated M-CSFa which con- 
cluded that important M-CSF receptor contact residues exist among the solvent accessible residues in helices A and/or 
C and/or D. Certain of these mutations will, as we have shown, have lower biological activity and lower M-CSF receptor- 
binding ability. Some may have lower biological activity without a decrease in receptor-binding ability. Some may have 
increased biological activity and receptor binding ability, and some may have no affect on either. 
[0111] Two examples of the latter are Q17A, R21 A (produced using PCR primers LF72: 

5 '-TTGTAGCCACATGATTGGGAGTGGACACCra - 



and LF73 (described in Example 9) and E1 15A, N119A (produced using LF75: 

5 '^ATGACAAGGCCTGCGTCCGAACTTTCTATGAGACACCTCTCCAGTTGCTGGCGAAGG 
TCAAGGCTGTCTTTAATG-3 ' (SEQ ID NO. 7); 



and 
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50 



55 



LF79: 5 *-GG ATCAGGATCCCTCGG ACTGCCTCTC-3 " (SEQ ID NO. 8)). 

Both of these constructs changed side chain properties of solvent-accessible amino acids in the areas of interest but 
did not affect biological specific activity, compared to the parental reference molecule. These results indicate that resi- 
dues Q17, R21, E115, and N119do not need to be altered in muteins designed to have M-CSF agonist or antagonist 
activity. In fact, to minimize the likelihood of antibody formation to potentially administered M-CSF-based proteinaceous 
drugs, it is desirable to retain the solvent-accessible parental M-CSF residues (to resemble the native molecule) when- 
ever possible. 

[011 2] The retained activity of the muteins including changes at Q1 7, R21 , E1 15. and N1 1 9 does not rule out large 
effects on activity contributed by nearby residues (such as H15). In fact, the regions we have altered are predicted by 
the crystal structure to be important for receptor binding and/or signaling. Antagonistic M-CSF muteins may require use 
of multiple residue changes per mutein or use of heterodimeric molecules containing one or more mutations in each 
polypeptide chain, since M-CSF residues important in receptor signaling are believed to be composed of discontinuous 
regions of M-CSF 
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Example 12 

Formation of M-CSF Heterodimers Having Decreased Receptor-Binding Ability and/or Decreased Biological 
Specific Activity 

[01 13] M-CSF can be folded in vitro to generate fully active heterodimers, as shown in Example 8. By making het- 
erodimers of M-CSF which incorporate M-CSF muteins with altered M-CSF signaling ability, it should be possible to 
generate antagonists of M-CSF useful for treatment of patients with M-CSF mediated diseases. To generate a het- 
erodimer containing one subunit of M-CSFaNA3/CA158, H9A/H15A and one subunit of M-CSFpNA3/CA221, 
C157S/C159S, each mutein was expressed in E. coli and purified separately by DEAE Sepharose under denaturing 
and reducing conditions as described in Example 8. The two muteins subunits were mixed together prior to refolding to 
generate a solution containing a final mutein molar ratio of 1 :1 , then this solution was diluted to 0.2 mg/ml with refolding 
buffer as described in Example 8. Following refolding, the heterodimeric molecule was separated from the homodimers 
by two consecutive passes over a Phenyl TSK-5-PW HPLC column as described in Example 8. No contaminants were 
detected when the purified heterodimer preparation was examined, by non-reduced SDS-PAGE or size exclusion HPLC 
using a BioSil SEC250 column (BioRad). 

[0114] The purified heterodimer was submitted to the NFS60 cell based bioassay described in Example 8. The cal- 
culated specific activity was 2.9 x 10 6 UAng which correlated to a 35-fold reduction as compared to the activity of the 
parental M-CSF heterodimer described in Example 10. The relative binding affinity to cell surface M-CSF receptor was 
measured by radioligand displacement in which the displacement of 125 I-M-CSF from an M-CSF receptor by an M-CSF 
mutein was measured using methods well known in the art. In brief, the following were added in a final volume of lOOjxl 
in each well of a 96-well cell culture plate: approximately 80,000 cpm of purified recombinant human M-CSF labeled 
with I (using lodobeads as described by the manufacturer, Pierce, Rockfbrd, IL), 300,000 NFS-60 cells that had been 
washed and then grown for 18 hours in growth medium minus the normal maintenance level of M-CSF, plus unlabeled 
M-CSF that had been serially diluted in the same medium. The plates were incubated at 4°C for 20 hours and the cells 
were collected on glass-fiber filters. Maximum binding was measured in the absence of unlabeled M-CSF and non-spe- 
cific binding was measured in the presence of 1000-fold greater concentration of unlabeled M-CSF (compared to 
labeled M-CSF). The concentration of M-CSF required to inhibit 50% of the labeled M-CSF binding to the cells (IC 50 ) 
was used to determine differences in affinity. Results are expressed as percent displacement of radioactive M-CSF ver- 
sus mutein concentration (Figure 7). The IC50 of the heterodimer (Fig. 7 closed squares) was reduced 30-fold to about 
500 pM as compared to an ICso of about 17 pM for M-CSFaNA 3/CA158 (158) (Fig. 7 closed circles). The similarity 
between the reduction in specific activity and receptor affinity of the heterodimer indicates that the reduction in bioac- 
trvity was due to decreased receptor-binding ability. Similarly, the binding affinities of the Q20A, V78KF (Fig. 7 open cir- 
cles) and H9A/H15A (open squares) muteins were also measured in this radioligand displacement assay. The 
Q20A.V78K mutein had an IC50 of about 100 pM and the H9A.H15A mutein has an IC50 of about 1 jiM, correlating to 
decreased binding affinities of 5-fold and 50,000-fold, respectively. For each mutein, the reduction in receptor affinity 
was similar to the reduction in specific activity, again indicating that the reduction in bioactivity was due to reduced 
receptor-binding ability. 

Example 13 

Crystallization and Characterization Of M-CSF H9A, H15A Muteins 

[01 1 5] The H98, H1 5A mutein described in Example 1 0 was crystallized using the hanging drop method described 
in Examples 1 and 2 using the following buffer conditions: 30% polyethylene glycol 4000; 100 mM U 2 S0 4 ; and 1 00 mM 
Tris pH 8.5. The crystals produced under these conditions were rhombohedral prisms having dimensions of 0.7 mm x 
0.2 mm x 0.2 mm. X-ray crystallographic analysis using precession photographs showed crystals in the P2 1 2 1 2 1 space 
group with cell dimensions of a = 33.99, b = 65.37, c = 159.90, d = 90, e = 90, and f = 90 angstroms and diffract to a 
nominal resolution of 3 angstroms. These physical properties are essentially the same as those observed for the paren- 
tal NA3CA158 M-CSFa molecule and suggests that the biological effects of the H9A, H15A alterations are not the con- 
sequence of gross global alterations in M-CSF structure, but rather are the result of altered side chains that are 
important in interacting with the M-CSF receptor. Alteration of those histidine side chains may have affected receptor 
binding by changing atoms that interact with, stabilize or facilitate receptor binding or changes in receptor conformation. 
Changes such as H15A may also have affected these functions by altering the position of the nearby side chain in M- 
CSF, most likely in the A and/or C helix regions. 

[0116] The foregoing examples are presented by way of example and are not intended to limit the scope of the 
invention as set forth in the appended claims. 
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ATOM 915 CA OLD 97 

ATOM 925 CA HIS 98 

ATOM 938 CA ASP 99 

ATOM 947 CA LYS 100 

ATOM 960 CA ALA 101 

ATCM 966 CA CYS 102 

ATOM 973 CA VAL 103 

ATOM 981 CA ARC 104 

ATOM 998 CA TOR 105 



♦9.607 80.251 194.114 1.00 29.78 
50.307 83.745 195.418 1.00 28.47 
47.469 83.922 197.953 1.00 23.24 
48.690 80.431 199.144 1.00 22 87 
52.212 81.892 199.669 1.00 29.47 
50.816 84.796 201.668 1.00 37.21 
48.902 82.158 203.857 1.00 33.69 
52.207 80.382 204.466 1.00 33.36 
54.040 83.518 205.449 1.00 32.55 
51.152 84.517 207.743 1.00 35.07 
51.541 81.115 209.443 1.00 37.26 
55.367 81.348 209.619 1.00 35.10 
54.960 84.840 211.066 1.00 39.64 
52.608 83.541213.704 1.00 42.55 
54.984 80.903 215.121 1.00 42.96 
57.916 83.317 214.670 1.00 45.11 
56.504 85.876 217.138 1.00 50.71 
57.621 83.610 219.825 1.00 54.58 
61.211 84.524 219.014 1.00 46.79 
60.235 88.070 219.743 1.00 46.37 
59.619 89.812 223.026 1.00 52.01 
56.916 92.445 223.523 1.00 56.09 
57.914 96.123 223.998 1.00 59.35 
55.685 99.100 225.194 1.00 66.22 
52.401100.066 223.612 1.00 65.51 
53 . 343 103 . 890 223 . 1 82 1 .00 62 . 60 
56.046 102.712 220.836 1.00 58.47 
53.422 100.733 218.887 1.00 59.97 
52.950 103.470 216.162 1.00 57.00 
56.259 105.270 216.975 1.00 48.82 
58.861105.450 214.154 1.00 42.41 
56.175 104.773 211.621 1.00 33.87 
55.993 106.851 208.456 1.00 42.76 
53.577 106.853 205.501 I. 00 38.00 
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61.704 100. 57* 224.157 
64.219 103.338 224.061 
65.158 102.992 220.352 
61.498 103.434 219.645 
61.829 106.488 221.831 
64.873 108.022 220.050 
62.489 108.299 217.017 
60.005 III. 197 217.009 
57.163 110.805 214.395 
54.284 108.658 214.945 
51.655 108.783 212.248 
48.764 106.945 210.680 
46.475 107.377 207.803 
45.813 106.188 204.264 
43.875 81.916 155.536 
41.939 78.947 156.798 
44.549 78.204 159.422 
43.251 81.196 161.434 
41.011 78.917 163.442 
43.988 77.122 165.021 
46.155 79.994 165.895 
44.849 80.843 169.353 
44.508 77.692 171.141 
43.275 77.480 174.756 
46.813 77.142 176.120 
47.238 80.801 175.208 
44.181 81.554 177.458 
45.501 79.575 180.501 
48.547 81.846 180.317 
46.482 85.106 180.212 
44.564 83.708 183.162 
47.839 82.875 185.041 
49.151 86.514 184.405 
45.854 87.864 185.738 



1.00 50.25 
1.00 58.30 
1.00 52.18 
1.00 45.87 
1.00 47.49 
1.00 49.94 
1.00 53.65 
1.00 57.45 
1.00 59.53 
I. 00 59.20 
1.00 61.95 
1.00 69.20 
1.00 76.61 
1.00 78.85 
1.00 38.68 
1.00 43^57 
1.00 41.97 
1.00 36.99 
1.00 34.02 
1.00 40.02 
1.00 36.48 
1.00 37.88 
1.00 39.09 
1.00 45.21 
I. 00 41.00 
1.00 38.01 
1.00 39.12 
1.00 39.79 
1.00 36.95 
1.00 33.42 
1.00 38.37 
1.00 41.95 
1.00 33.04 
1.00 25.14 
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45.824 


85 549 


425 


49.394 


86 494 


426 


48.776 


on.276 


427 


48.379 


91 .899 


428 


44.978 


93.418 


429 


45.965 


96 999 


430 


43.656 


99 720 


431 


46.604 


101 354 


432 


45.813 


102 789 


433 


47 826 


103 166 


434 


46 923 


105 057 


435 


46 641 


103 293 


436 


45 167 


103 96ft 


437 


42.643 


101 271 


438 


39.404 


101.233 


439 


36.342 


103.107 


440 


33.750 


100.386 


441 


30.764 


102.682 


442 


31.810 104.569 


443 


32.994 


101.521 


444 


30.279 


99.137 


445 


30.862 


96.668 


446 


32.144 


93.267 


447 


34.363 


92.592 


448 


35.680 


96.184 


449 


36.273 


96.949 


450 


38.224 


93.580 


451 


39.989 


94 . 664 
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97.918 


453 
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96.317 
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44.012 


93.845 


455 


46.236 


96.653 


456 


46.402 


98.605 


457 


46.966 


95.358 



188.861 1.00 32.93 

189.904 1.00 30.92 

189.999 1.00 29.47 

193.372 1.00 31.04 

193.655 1.00 42.94 

194.423 1.00 48.52 

193.224 1.00 48.67 

191.803 1.00 52.34 

188.396 1.00 50.77 

185.221 1.00 51.17 

182.065 1.00 52.62 

178.672 1.00 50.53 

175.164 1.00 50.56 

174.193 1.00 46.56 

172.116 1.00 52.14 

173.476 1.00 59.69 

173.243 1.00 63.82 

173.229 1.00 64.79 

170.091 1.00 59.01 

168.139 1.00 55.78 

169.086 1.00 54.82 

166.093 1.00 51.31 

167.135 1.00 47.34 

164.111 1.00 41.42 

163.845 1.00 39.44 

167.607 I. 00 40.33 

167.624 1.00 30.87 

164.462 1.00 34.49 

166.163 1.00 35.38 
169.572 1.00 28.00 

168.164 1.00 32.56 
166.861 1.00 40.19 
170.114 1.00 42.45 
172.060 1.00 38.09 
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479 


ARM 


2233 


CA 


LEU 


480 


ARM 


2242 


CA 


GLN 


481 


ARM 


2254 


CA 


GLU 


482 


ARM 


2264 


CA 


LEU 


483 


ARM 


2273 


CA 


SER 


484 


ARM 


2281 


CA 


LEU 


485 


ARM 


2290 


CA 


AUG 


486 


ARM 


2307 


CA 


LEU 


487 


ARM 


2316 


CA 


LYS 


488 


ARM 


2329 


CA 


SER 


489 


ARM 


2337 


CA 


CYS 


490 


ARM 


2344 


CA 


PHE 


491 



50.298 95.232 170.161 

51.630 98.529 171.587 

50.230 97.686 175.001 

52.409 94.542 175.085 
55.702 96.253 173.969 
55.069 99.093 176.249 
52.771 98.555 179.186 
52.743 94.854 180.171 
56.333 94.928 181.338 
57.618 91.923 183.501 
61.258 90.894 184.513 
63.046 88.868 181.895 
62.896 85.096 181.832 
60.211 84.798 184.479 
57.055 82.652 183.744 
54.971 85.777 183.172 
57.431 87.402 180.828 
57.795 84.219 178.807 
54.021 84.034 178.455 
53.844 87.522 176.756 
56.690 86.495 174.201 
54.381 83.711 173.325 
51.419 86.038 172.893 
53.392 88.551 170.821 
54.572 85.683 168.506 
50.900 84.532 168.340 
50.077 88.156 167.451 

52.410 87.880 164.490 
50.865 84.572 163.229 
47.396 86.383 163.343 
48.292 89.399 161.352 
47.728 87.397 158.200 
44.112 87.134 159.417 
43.520 90.786 159.602 



1.00 48.02 
1.00 41.96 
1.00 25.82 
1.00 33.69 
1.00 45.36 
1.00 48.41 
1.00 41.63 
1.00 42.05 
1.00 44.99 
1.00 38.72 
1.00 50.64 
1.00 53.46 
1.00 52.84 
1.00 47.58 
1.00 46.82 
1.00 38.75 
1.00 37.27 
1.00 32.85 
1.00 27.98 
1.00 30.47 
1.00 30.40 
1.00 31.18 
1.00 27.44 
1.00 31.59 
1.00 29.90 
1.00 22.16 
1.00 29.37 
1.00 32.70 
1.00 30.59 
1.00 31.02 
1.00 34.90 
1.00 35.68 
1.00 35.03 
1.00 42.73 
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ATCM 


23S6 


CA 


THR 




ATCM 


2365 


CA 


ALA 


493 


ATCM 


2371 


CA 
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494 


ATCM 


2380 


CA 


ALA 


495 


ATCM 


2386 


CA 
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496 
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2396 


CA 


GLU 


497 


ATCM 


2406 


CA 
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498 


ATCM 


2419 


CA 
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2428 


CA 
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500 

w w V 
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2441 


CA 
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2447 


CA 


CYS 


502 


ATCM 


2454 


CA 


VAL 
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2462 


CA 
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504 


ATCM 


2479 


CA 


THR 


505 

J VI J 
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2488 


CA 


PHP 

* lib 


506 
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ATOM 
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CA 
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507 
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2514 


CA 
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50fi 


ATCM 


2524 


CA 
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500 


ATCM 


2533 


CA 


PRO 


5tn 


ATCM 


2540 


CA 


TPIT 


51 1 


ATCM 


2549 


CA 


GLU 


512 


ATCM 


2561 


CA 


LHJ 


513 


ATCM 


2570 


CA 


THT 


514 


ATCM 


2579 


CA 


GLU 


515 


AltM 


2589 


CA 


LYS 


516 

«/ A V 


ATCM 


2602 


CA 


VAL 

▼«*A* 


517 

•/ A / 


ATCM 


2610 


CA 


LYS 


518 


ATCM 


2623 


CA 


ASN 


519 


ATCM 


2634 


CA 


VAL 


520 


ATCM 


2642 


CA 


PHE 


521 


ATCM 


2654 


CA 


ASN 


522 


ATCM 


2665 


CA 


GLU 


523 


ATCM 


2675 


CA 


TOR 


524 


ATCM 


2684 


CA 


LYS 


525 



43.145 93.174 156.663 1.00 56.24 
44.877 96.467 156.617 1.00 57.56 
42.318 99.142 157.302 1.00 57.16 
42.063 102.909 156.516 1.00 62.14 
45.542 104.198 157.805 1.00 64.30 
44.589 107.547 159.382 1.00 70.67 
41.577 105.660 160.752 1.00 75.16 
44.400 103.329 161.968 1.00 72.11 
44.773 105.712 164.874 1.00 65.63 
41.040 106.628 165.617 1.00 55.63 
38.563 105.427 168.336 1.00 53.33 

41.155 105.639 171.100 1.00 52.46 
39.866 106.944 174.425 1.00 51.00 
42.588 106.921 177.117 1.00 50.42 
41.955 104.935 180.331 1.00 43.64 
43.306 105.190 183.809 1.00 41.84 
42.651 101.611 185.218 1.00 39.35 

44.156 99.096 187.597 1.00 41.67 
46.618 96.563 185.969 1.00 39.70 
44.134 93.600 186.416 1.00 42.72 
41.460 95.632 184.624 1.00 37.47 
43.895 96.148 181.765 1.00 27.02 
44.769 92.421 181.627 1.00 24.55 
41.076 91.327 181.688 1.00 31.93 
40.903 93.442 178.515 1.00 31.96 
43.981 91.949 176.692 1.00 26.46 
42.528 88.538 177.852 1.00 30.83 
39.106 89.397 176.432 1.00 37.62 
40.221 90.488 172.933 1.00 35.75 
42.191 87.109 172.662 1.00 25.45 
39.292 85.079 173.953 1.00 26.73 
36.870 86.722 171.437 1.00 33.04 
39.260 86.923 168.369 1.00 29.70 
39.423 83.195 169.011 1.00 28.41 
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35.624 82.663 169.124 
34.816 84.653 166.021 
37.617 82.902 164.068 
35.899 79.662 164.964 
32.659 81.068 163.537 
34.250 82.150 160.272 
38.053 82.453 159.573 
38.395 85.446 157.159 
35.840 87.437 159.393 
38.635 89.996 159.881 
38.485 90.720 156.238 
35.844 93.371 157.102 
35.653 96.936 155.760 
35.786 98.626 159.004 
36.738 101.888 157.286 
33.143 102.934 157.648 
32.854 101.855 161.326 
35.911 103.888 162.235 
33.885 107.102 161.741 
30.949 107.003 164.203 
33.917 107.418 166.572 
33.751 110.878 168.150 
37.461 110.300 168.811 



1.00 34.46 
1.00 28.09 
1.00 25.62 
1.00 35.00 
1.00 37.54 
1.00 37.92 
1.00 40.02 
1.00 42.64 
1.00 39.27 
1.00 40.49 
1.00 46.56 
1.00 45.61 
1.00 54.39 
1.00 50.55 
1.00 58.49 
1.00 61.90 
1.00 56.62 
1.00 55.25 
1.00 61.94 
1.00 63.83 
1.00 61.90 
1.00 66.22 
1.00 65.91 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 

<i) APPLICANTS i CHIRON CORPORATION AND 

THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 

(ii) TITLE OF INVENTION: CRYSTALLIZATION OF M-CSF 

(ill) NUMBER OF SEQUENCES t 10 

(iv) CORRESPONDENCE ADDRESS : 

<*} SSSS^LS*™ 11 * 11 ' °' Tool °' Geretein, Murray £ Borun 

(B) STREET t 6300 Sears Tower, 233 South Wacker Drive 

<C> CITY: Chicago 

(0) STATE: Illinois 

(B) COUNTRY: USA 

(F) SIP: 60606-6402 

(V) COMPUTER READABLE FORM: 

(A) ME DIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(0> softwares Patentln Release #1.0, Version #1.25 

<vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
(B> FILING DATE: 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/896,512 CIP 

(B) FILING DATE: 09-JUN-1992 

(viii) ATTORNEY / AGENT INFORMATION: 
(A) NAME: Clough, David W. 
(B> REGISTRATION NUMBER: 36,107 

(C) REFERENCE /DOCKET NUMBER: 31436 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 312/474-6300 

(B) TELEFAX: 312/474-0448 

(C) TELEX: 25-3856 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 56 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
AGCTGTCTCA TAGAAAGTTC GGACGCAGGC CTTGTCATGC TCTTCATAAT CCTTCG 56 
(2) INFORMATION FOR SEQ ID NO: 2: 
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(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 58 bac pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOCY: linear 

(ii) MOLECULE TYPEs DMA 



<xi) SEQUENCE DESCRIPTION t SEQ ID NO: 2: 
CACGAGAAAC CTTATGTCTG AATATTGTAG CGCCATGATT GGGAGTGGAG CCCTGCAC 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 58 baee pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3i 
CAGGAGAAAG CTTATGTCTG AATATTGTAG CGCCATGATT GGGAGTCGAC ACCTGCAG 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 58 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CAGGAGAAAG CTTATGTCTG AATATTGTAG CCACATGATT GGGAGTGGAG CCCTGCAG 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AGGAGAAACC TTATGTCTGA ATATTGTAGC CACATGATTG GGAGTGGACA CCTGCACTCT 
CTGGCTCGGC TG 
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(2) INFORMATION FOR SEQ ID NO:6x 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 85 baee pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION t SEQ ID NO: 6: 
GCACCCAGGC CTTGTCATCC TCTTCATAAT CCTTCCTGAA GCACCTCTTC A6CCTCAAAG 

AGACTTCCTG CAGCTGTTTA ATG6C 
85 

(2) INFORMATION FOR SEQ ID NO*7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 76 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
CATGACAAGG CCTGCCTCCG AACTTTCTAT GAGACACCTC TCCAGTTGCT GGCGAAGGTC 

AAGGCTGTCT TTAATG 
76 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GGATCAGCAT CCCTCGGACT GCCTCTC 
(2) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 
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<xi) SEQUENCE DESCRIPTION; SEQ ID NO: 9: 
CC6TACCATG GCCCCAGGAG TTCTGC 
(2) INFORMATION POR SEQ ID NOsIO: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 33 bast pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: b ingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
AGTCGACGAT CCTCAATCCG GGGGATGCGT GTG 
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Claims 

25 1. A composition comprising crystalline M-CSF, the M-CSF being a dimer of two M-CSF polypeptide monomers 
wherein each monomer has substantially the same amino acid sequence as a polypeptide selected from the group 
consisting of mature M-CSFa polypeptide, mature M-CSFp polypeptide, and mature M-CSFy polypeptide. 

2. The composition of claim 1 wherein the crystalline dimer has P2 1 2 1 2 1 symmetry. 

3. The composition of claim 2 wherein the M-CSF is biologically active when resolubilized. 

4. The composition of claim 1 wherein the two M-CSF polypeptide monomers are disulf ide-linked to each other. 
35 5. The composition of claim 1 wherein each of the two M-CSF polypeptide monomers is an M-CSFa polypeptide. 

6. The composition of claim 1 wherein each monomer has an amino acid sequence between about 1 45 and about 1 56 
ammo acids in length, and wherein said sequence has a carboxylic acid terminus located between about 145 and 
156 residues measured from the amino terminus of a mature M-CSF polypeptide. 

7. The composition of claim 6 wherein at least one of the polypeptides contains residues 4 to 158 of mature M-CSFa 
polypeptide. 

8. The composition of claim 1 wherein at least one of the M-CSF polypeptide monomers is unglycosylated. 

9. A method of crystallizing a M-CSFa dimer having two polypeptide monomers, each containing 146 to 162 amino 
acids of mature M-CSFa, the method comprising the steps of: 

a) mixing a solution of the M-CSFa dimer with a precipitant, whereby an M-CSFa mixture is formed- 
so b) precipitating crystalline M-CSFa dimer; and 

c) isolating the crystalline M-CSFa dimer. 

1 0. The method of claim 9 wherein the M-CSFa dimer is produced from recombinant M-CSFa isolated from a bacterial 
ceil. 

55 

1 1. The method of claim 9 wherein the precipitant comprises polyethylene glycol. 

1 2. The method of claim 9 wherein at least one of the polypeptide monomers is unglycosylated. 
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13. The method of claim 9 wherein at least one of the polypeptide monomers contains residues 4 to 158 of mature M- 
CSFo polypeptide. 

14. The method of claim 9 wherein the crystalline M-CSFa dimer is biologically active when resolubilized. 

15. The method of claim 9 wherein the step of precipitating the M-CSFa crystal comprises equilibrating the M-CSFa 
dimer mixture with a precipitant solution. 

16. The method of claim 15 wherein the precipitant solution comprises a higher concentration of precipitant than the 
M-Gora mixture. 

17. The method of claim 15 wherein the step of equilibrating comprises applying the M-CSFa mixture to a surface and 
equilibrating the applied M-CSFa mixture with a reservoir of the precipitant solution. 

18 " ^e,f th0d ? daim 9 " here,n the Step of P recj P'' ta « n 9 the crystalline M-CSFa dimer comprises a step of applying 
M-CSFa seed crystals to the M-CSFa dimer mixture. 

19. The method of claim 9 wherein the step of precipitating the M-CSFa dimer comprises the step of altering the tem- 
perature of the M-CSFa mixture. 

20. Crystalline M-CSFa (4-158) 

21 . The crystalline M-CSF of claim 20 comprising crystals of M-CSF having measurements of at least about 0 3 mm in 
at least two dimensions. 

22. The crystalline M-CSF of claim 20 which is capable of diffracting X-ray radiation to produce a diffraction pattern rep- 
resenting the three-dimensional structure of the M-CSF. 

23. The crystalline M-CSF of claim 22 wherein the diffraction pattern represents the three^Jimensional structure of a 
portion of the M-CSFa (4-158) to an accuracy of at least five angstroms, wherein the portion includes amino acid 
residues between residue 4 and about residue 153. 

24. A method for determining a three-dimensional structure of an M-CSF dimer containing two M-CSF polypeptide 
monomers, each having between about 146 and 162 amino acids beginning from about residue 1 to about residue 
5 of mature M-CSF, the method comprising: 

a) crystallizing the M-CSF dimer; 

b) irradiating the crystalline M-CSF to obtain a diffraction pattern characteristic of the crystalline M-CSF- and 

c) transforming the diffraction pattern into the three-dimensional structure of the M-CSF dimer. 

25. A method of using a three-dimensional structure of M-CSF derived from an M-CSF crystal wherein the three- 
dimensional structure of M-CSF includes an M-CSF receptor-binding region, the method comprising identifying 
conpounds having structures that interact with a receptor-binding region of the threeHlimensional structure of M 
CSF and function as an M-CSF agonist or antagonist. 

26 " ^l" 1 ^ ° f Cl3im 25 Wh6rein the 1hre6 - dimensional structure of M-CSF includes alpha-carbon cooidinates sub- 
stantially the same as those of the structural information presented in Appendix 1. 

27. A method of identifying M-CSF agonists or antagonists, the method comprising the following steps: 

a) crystallizing an M-CSF dimer to form at least one M-CSF crystal, the M-CSF dimer containing a group of 
amino aad residues defining an M-CSF receptor-binding region; 

b) inadiating an M-CSF crystal produced by the procedure of step (a) to obtain a diffraction pattern of the M- 
Cor crystal; 

c) determining the three-dimensional structure of M-CSF from the diffraction pattern, the three-dimensional 
structure including an M-CSF receptor-binding region; and 

d) identifying an M-CSF agonist or antagonist compound having a three-dimensional structure that functionally 
duplicates essential M-CSF receptor-binding solvent accessible residues present in the three^limensional 



33 



10 



15 



25 



EP 0 668 914 B1 

structure of the M-CSF receptor-binding region, said M-CSF agonist or antagonist having altered signal 
transduction capacity to M-CSF responsive cells. 

28. The method of claim 27 wherein said solvent accessible residues do not participate in formation of the M-CSF 
dimer interface. 

PatentansprQche 

1 . Zusammensetzung, umfassend kristallines M-CSF, wobei M-CSF ein Dimer aus zwei M-CSF-Polypeptidmonome- 
ren ist. in dem jedes Monomer im Wesentlichen die gleiche Aminosduresequenz wie ein Polypeptid hat das aus 
der Gruppe, bestehend aus reifem M-CSFa-Polypeptid, reifem M-CSFp-Polypetid und reifem M-CSFrPolypeotid 
ausgewShltwird. ' 

2. Zusammensetzung nach Anspruch t , worin das kristalline Dimer P2 1 2 1 2 r Symmetrie aufweist 

3. Zusammensetzung nach Anspruch 2, worin M-CSF biologisch aktiv ist, wenn es wieder in LOsung gebracht wird. 

4. Zusammensetzung nach Anspruch 1 , worin die zwei M-CSF-Polypeptidmonomeren disulfidverbruckt sind. 
20 5. Zusammensetzung nach Anspruch 1 , worin jedes der zwei M-CSF-Polypeptidmonomeren ein M-CSFa-Polypeptid 

6. Zusammensetzung nach Anspruch 1 , worin jedes Monomer eine AminosSuresequenz einer Ldnge zwischen etwa 
145 und etwa 156 AminosSuren aufweist und wobei die Sequenz einen Carboxylterminus aufweist, der sich etwa 
zwischen den Resten 145 und 156 befindet, gemessen von dem Aminoterminus des reifen M-CSF-Polypeptids. 

7. Zusammensetzung nach Anspruch 6, worin mindestens eines der Polypeptide die Reste 4 bis 158 des reifen M- 
CSFa-Polypeptids enth&lt. 

so 8. Zusammensetzung nach Anspruch 1, wobei mindestens eines der M-CSF-Polypeptidmonomeren nicht glykosyliert 

9. Verfahren zum Kristallisieren eines M-CSFa-Dimers mit zwei Polypeptidmonomeren, wobei jedes 146 bis 162 Ami- 
nosSuren des reifen M-CSFa enthSIt und das Verfahren die folgenden Schritte umfasst 

35 

a) Mischen einer LGsung des M-CSFa-Dimers mit einem Failungsmittel, wobei ein M-CSFa-Gemisch aebildet 
wird, 

b) Ausfailen des kristallinen M-CSFa-Dimers und 

c) Isolieren des kristallinen M-CSFa-Dimers. 

40 

10. Verfahren nach Anspruch 9, worin das Failungsmittel Polyethylenglycol umfasst 

1 1 . Verfahren nach Anspruch 9, worin das M-CSFa-Dimer aus rekombinantem, aus einer Bakterienzelle isoliertem M- 
CSFa hergestellt wird. 

45 

12. Verfahren nach Anspruch 9, worin mindestens eines der Polypeptidmonomere nicht glykosyliert ist. 

13. Verfahren nach Anspruch 9, worin mindestens eines der Polypeptidmonomere die Reste 4 bis 158 des reifen M- 
CSFa-Polypeptids enthait. 

50 

14. Verfahren nach Anspruch 9, worin das kristalline M-CSFa-Dimer biologisch aktiv ist; wenn es wieder in LOsunq 
gebracht wird. 

1 5. Verfahren nach Anspruch 9, worin der Failungsschrrtt des M-CSFa-Kristalls das Equilibrieren des M-CSFa-Dimer- 
55 gemisches mit einer Failungsmittel-LOsung umfasst. 

16. Verfahren nach Anspruch 15, in dem die Lflsung des FSIIungsmittels eine hdhere FSIIungsmittelkonzentration 
umfasst als das M-CSFa-Gemisch. 
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17. Verfahren nach Anspruch 15, in dem der Equilibrierungsschritt das Auftragen des M-CSFa-Gemisches auf eine 
OberflSche und das Equilibrieren des aufgetragenen M-CSFa-Gemisches mit einem Reservoir der L6sung des 
Failungsmittels umfasst. 

18. Verfahren nach Anspruch 9, in dem der F3llungsschritt des kristallinen M-CSFa-Dimers einen Schritt umfasst, bei 
dem M-CSFa-lmpfkristalle dem M-CSFa-Dimergemisch zugefuhrt werden. 

19. Verfahren nach Anspruch 9, in dem der Failungsschritt des M-CSFa-Dimers einen Schritt umfasst, bei dem die 
Temperatur des M-CSFa-Gemisches verSndert wird. 

20. Kristallines M-CSFa (4-158). 

21. Kristallines M-CSF nach Anspruch 20, umfassend M-CSF-Kristalle mit Abmessungen von mindestens etwa 0,3 
mm in mindestens zwei Dimensionen. 

22. Kristallines M-CSF nach Anspruch 20, das in der Lage ist, RSntgenstrahlung zu beugen, urn ein Beugungsbild zu 
erzeugen, das die dreidimensionale Struktur von M-CSF reprfisentiert 

23. Kristallines M-CSF nach Anspruch 22, wobei das BeugungsbikJ die dreidimensionale Struktur eines Teils von M- 
CSFa (4-158) mit einer Genauigkeit von mindestens 5 Angstrdm repr§sentiert, und dieser Teil AminosSurereste 
zwischen Rest 4 und etwa Rest 153 umfasst 

24. Verfahren zur Bestimmung einer dreidimensional en Struktur eines M-CSF-Dimers mit zwei M-CSF-Polypeptidmo- 
nomeren, wobei jedes etwa zwischen 146 und 162 AminosSuren aufweist, ausgehend von etwa Rest 1 bis etwa 
Rest 5 des reifen M-CSF, das Verfahren umfassend: 

a) Kristallisieren des M-CSF-Dimers; 

b) Bestrahlen von kristallinem M-CSF, urn ein fur kristallines M-CSF charakteristisches Beugungsbild zu erhal- 
ten und 

c) Transfbrmieren des Beugungsbildes in eine dreidimensionale Struktur des M-CSF-Dimers. 

25. Verfahren zur Verwendung einer aus einem M-CSF-Kristall abgeleiteten dreidimensionalen Struktur von M-CSF, 
wobei die dreidimensionale Struktur von M-CSF einen M-CSF-Rezeptorbindungsbereich umfasst und das Verfah- 
ren die l-dentrf izierung von Verbindungen umfasst, die Strukturen haben, die mit einem Rezeptorbindungsbereich 
der dreidimensionalen Struktur von M-CSF wechselwirken und als M-CSF-Agonist Oder -Antagonist fungieren. 

26. Verfahren nach Anspruch 25, wobei die dreidimensionale Struktur von M-CSF alpha-Kbhlenstoffkoordinaten 
umfasst die im Wesentlichen die gleichen sind wie diejenigen der Struklurinformationen in Anhang 1. 

27. Verfahren zur Identifizierung von M-CSF-Agonisten Oder -Antagonisten, wobei das Verfahren die folgenden 
Schritte umfasst: 

a) Kristallisieren eines M-CSF-Dimers unter Bildung von mindestens einem M-CSF-Kristall, wobei das M-CSF- 
Dimer eine Gruppe von AminosSureresten enthait, die einen M-CSF-Rezeptorbindungsbereich definieren; 

b) Bestrahlen eines durch das Verfahren von Schritt (a) hergestellten M-CSF-Kristalls, um ein Beugungsbild 
des M-CSF-Kristalls zu erhalten; 

c) Bestimmung der dreidimensionalen Struktur von M-CSF aus dem Beugungsbild, wobei die dreidimensio- 
nale Struktur einen M-CSF-Rezeptorbindungsbereich umfasst und 

d) Identifizierung einer M-CSF-Agonisten- oder Antagonistenverbindung mit einer dreidimensionalen Struktur, 
die in funktioneller Weise wesentliche, dem LGsungsmittel zugSngliche M-CSF-Rezeptoibindungsreste, die in 
der dreidimensionalen Struktur des M-CSF-Rezeptorbindungsbereichs vorliegen, dupliziert, wobei der M- 
CSF-Agonist oder -Antagonist ein verandertes SignalubertragungsvermSgen gegenuber auf M-CSF anspre- 
chenden Zellen aufweist 

28. Verfahren nach Anspruch 27, wobei die dem LOsungsmittel zuganglichen Reste nicht an der Bildung der M-CSF- 
Dimergrenzf &che teilnehmen. 
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Revendicatlons 

1 . Composition comprenant du M-CSF crfelallln. le M-CSF tent un dimere de deux monomeres polypeptidiques de 
M-CSF. ou chaque monomere a senstolement la meme sequence dacides amines qu'un polypeptide choisi dans 

COnS ' Stant 16 P0,yP6Ptide M " CSFa ^ 16 P 0 '^ 6 ***** ™^ *"* SSiSe M CS? y 

2. Composition selon la revendication 1 ou le dimere cristallin a la symetrie P2 1 2 1 2 1 
10 3. Composition selon la revendication 2 ou le M-CSF est biologiquement actif quand il est resolubilise. 

4 ' ( ^^M^T 9macaSan 1 ^ ,esdeux ™ TOm6respo, ^ e ^^^ 

W 5 " tid > e n M K CSFa Sel0n ' a reV6ndiCati0n 1 00 Chacun des deux "™omireB polypeptidiques de M-CSF est un polypep- 

6. Composition selon la revendication 1 ou chaque monomere a une sequence d'acides amines dune longueur situee 

IZ ^IT* U J e l e T r0n 156 aCid6S amin6St 61 o£l ,adite s *» uence a une «**"«* carboxy-terminale situee a 
?o environ 145 a 156 residus en mesurant a partirde I'extr6mite amino-terminale tfun polypeptide M-CSF mature. 

? * M^CSFfm?ti!r e i° n * fevendiCati0n 6 °" au moins '' un des PO'VPepMes contient les residus 4 a 158 du polypeptide 
25 8. Composition selon la revendication 1 ou au moins run des monom6res polypeptidiques de M-CSF est non glyco- 

9 ' rSlt?! 0 ^? 8 ?1? de M " CSFa ayant deux m ° n °"*«>s polypeptidiques contenant chacun 146 
a 1 62 acides amines du M-CSFa mature, le precede comprenant les etapes de: 

M-CSFa 98 d S ° IUt,0n dU de M ' CSF<I 8VeC U " ^'P" 3 "*' de *** W se form e un melange de 

b) precipitation d'un dimere de M-CSFa cristallin; et 

c) isolement du dimere de M-CSFa cristallin. 

10. Precede selon la revendication 9 ou le precipitant comprend du polyethyleneglycol. 

11 " d^e^Me 0 tert^ e ^ rati0n 9 °° ' e dim6re ^ M " CSFa ^ Pf0dUit * Partjr de M - CSFa recomt >^ isoie a partir 
1 2. Precede selon la revendication 9 oil au moins Pun des monomdres polypeptidiques est non glycosyie. 

13 ' EElSjS ' a c r f end ' cation 9 0U au ™*™ > "n des monomeres polypeptidiques contient les residus 4 a 158 du 
polypeptide M-CSFa mature. 

14. Precede selon la revendication 9 ou le dimere de M-CSFa cristallin est biologiquement actif quand il est resolubi- 

so 15 ' H r °°T **? 1 r ^ endiCati ° n 9 0£l '' 6tape de ^ crista! de M-CSFa comprend la mise en equilibre 

so du melange de dimere de M-CSFa avec une solution de precipitant 

1 \ P e?q^^ 

55 17 ' f" roc6de * e,on Revendication 15 ou retape de mise en equilibre comprend ('application du melange de M-CSFa 
tart * m,$e e " 6qUi ' ibre d " me ' an9e de M * CSFa appliqu6 avec un r6servoir de la solution de pr6cipi- 
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18 ' rf^Sf '°H ' a revendicati0 " 9 06 r6ta P e de Palpitation du dimere de M-CSFa cristallin comprend une etape 
dappl.cationdegermescrKtallinsdeM-CSFaaum6langededim§redeM-CSFa. 

19 " r^tf° n i a r f e "? icat 5 n 9 00 r6ta P e de Precipitation du dimere de M-CSFa comprend I'etape de modifica- 
tion de la temperature du melange de M-CSFa. u^eueriwumi-cl 

20. M-CSFo (4-158) cristallin. 

. 21 " CriSt ^" in Se ' 0n ' a revendication 20 «wprenart des cristaux de M-CSF ayant des mesures d'au moins envi- 

» ran 0.3 mm dans au moins deux dimensions. 

22 ' h " Sta " in S !l° n ' a revendication 20 q ui ^ capable de diffracter les rayons X pour produire un diagramme 
de diffraction representant la structure tridimensionnelle du M-CSF. o'agramme 

23 ' dt£e ^ , l 8 S 1 Flf^ Cati ° n 22 dia9ramme de diffraCti0n repr6sente ,a struc,ure tridimensionnene 
a une partie du M-CSFa (4-158) avec une precision d'au moins cinq angstroms, ou la partie inclut les residus d'aci- 
des amines entre le residu 4 etleresidu 153 environ. Inc, ui les resiaus a act 

24 ' D lJ^i 1 d iTMrQp d ' Un ! ^ UCtUre ^^nelte d'un dimere de M-CSF contenant deux monomeres 
polypeptidiques de M-CSF ayant chacun entre environ 146 et 162 acides amines depuis les residus 1 environ a 5 
environ du M-CSF mature, le precede comprenant: 

a) la cristallisation du dimdre de M-CSF; 

b) (Irradiation du M-CSF cristallin pour obtenir un diagramme de diffraction caracteristiquedu M-CSF cristallin; 

c) la transformation du diagramme de diffraction en la structure tridimensionnelle du dimere de M-CSF. 

25 ' m^nn^'^rSc' 16 f UCtUre ^^e^ionnelle de M-CSF issue d'un crista! de M-CSF ou la structure tridi- 

de cToosIs m Z TT' r69i °: de ' iaiSOn de r6Ceptm dU M ' CSF - 16 proc6de tenant .'identification 
mLS ,? 5 Structures qu ' '"teragissent avec une r6gion de liaison de recepteur de la structure tridi- 
mensionnelle de M-CSF et jouent le role d'agoniste ou d'antagoniste du M-CSF. 

26 ' nT*t Se '° n l */ evendication 25 ou ^ structure tridimensionnelle du M-CSF inclut des coordonnees des carbo- 
nes alpha sensiblement identiques a celles de rinformation structurale pr6sentee dans I'annexe 1 . 

27. Precede d'identification d'agonistes ou d'antagonistes du M-CSF. le precede comprenant les etapes suivantes: 

a) cristallisation d'un dimfere de M-CSF pour former au moins un crista! de M-CSF. le dimere de M-CSF conte- 
nant un groupe de residus d'acides amines definissant une region de liaison de recepteur du M-CSF- 

Sondu^ 

c) domination de la structure tridimensionnelle du M-CSF d'apres le diagramme de diffraction, la structure 
tridimensionnelle incluant une region de liaison de recepteur du M-CSF- et 

iSS^^S 1 d * ur ! 1 compose a 9° niste °" antagonist du M-CSF ayant une structure tridimensionnelle qui 
reproduit foncbonnellement les residus accessibles aux solvants de liaison de recepteur du M-CSF essentiels 
;^ e ^ k ^ucture tridimensionnelle de la region de liaison de recepteur du M-CSF, (edit agoniste ou 
bl^ au mSsf ^ CaP8Cit6 de transducfion des si9naux modifie e a regard des cellules sensi- 

^Sr^ 
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FIG.5A 




SIZE EXCLUSION HPLC RETENTION TIMECmin) 



FIG. 5 B 
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SIZE EXCLUSION HPLC RETENTION TIME(min) 



FIG. 5C 
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FIG. 6A 
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FIG. 6B 




FIG. 6C 
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